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(57) Abstract: The present 
invention relates to nucleic acid 
sequence which comprises die 
genome of an infectious GB virus 
B clone. The invention also relates 
to the use of the nucleic acid 
sequence of the infectious GB 
virus B clone to indirectly study the 
molecular properties of HCV, and 
in the production of HCV/GBV-B 
chimeras. The invention further 
relates to the use of the infectious 
nucleic acid sequence of GB virus 
B clone and the HCV/GBV-B 
chimeras in the development of 
vaccines and therapeutics for HCV. 
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Title of Invention 



Infectious cDNA clone of GB Virus B and Uses Thereof 



Field of Invention 



5 



The present invention relates to nucleic acid 



sequence which comprises the genome of an infectious GB 
virus B (GBV-B) clone. The invention also relates to 
the use of the nucleic acid sequence of the infectious 
GB virus B clone to study indirectly the molecular 
properties of hepatitis C virus (HCV) , and in the 
production of HCV/GBV-B chimeras. The invention further 
relates to the use of the infectious nucleic acid 
sequence of the GB virus B clone and the HCV/GBV-B 
chimeras in the development of vaccines and therapeutics 
for HCV. 



hepatitis agents were first reported in 1967 (Deinhardt 
1967) . Four tamarins inoculated with acute phase sera 
from a surgeon with acute hepatitis (patient GB) 
developed hepatitis, as did most tamarins inoculated in 
serial passage studies. Subsequent studies indicated 

25 that the etiological agent responsible for the 

development of hepatitis in these animals was not any of 
the known human hepatitis viruses (Purcell 19 94) . In 
1995, two related RNA viruses named GB virus -B (GBV-B) 
and GB virus A (GBV-A) were identified in acute phase 
sera of a tamarin which developed hepatitis following - 
inoculation with serum of the eleventh tamarin passage 
of the putative GB agent (Simons 1995a) . 

GBV-B infection of tamarins resulted in acute 

35 resolving hepatitis (Schlauder 1995, Buhk 1997) . The 



Background of Invention 



Transmission studies of potential human 
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natural host of GBV-B is still unknown as the virus has 
not been detected in uninoculated animals or in humans . 

GBV-A, on the other hand, is an indigenous 
tamarin virus rather than a component of the original GB 
5 inoculum (Bukh 1997, Erker 1998) . Experimental 

infection of tamarins with GBV-A did not produce 
hepatitis (Schlauder 1995) . A human agent, GBV-C or 
hepatitis G virus, most closely related to GBV-A, was 
later identified (Simons 1995b, Linnen 1996) . However, 
10 it is still not clear whether this virus actually causes 

, hepatitis (Alter 1998, Bukh 1998a). Thus, of the known 
GB viruses, GBV-B may be the only true hepatitis virus. 

Based on analysis of their genomic sequences, 
15 GBV-A, GBV-B and GBV-C were classified as members of the 

Flaviviridae family of viruses, and among the known 
viruses, GBV-B is the virus most closely related to 
hepatitis C virus (HCV) (Muerhoff 1995, Robertson 1998) . 

The GBV-B virus contains a positive - sense , 

20 

single -stranded RNA genome of 9143 nucleotides (nts) 
(Simons 1995a, Muerhoff 1995) . The viral genome of GBV- 
B consists of a 5' untranslated region (UTR) , a single 
long open reading frame (ORF) and a 3' UTR. Based on 
25 known motifs, structural proteins were predicted to be 
encoded in the 5' portion of the ORF and nonstructural 
(NS) proteins in the 3' portion of the ORF (Muerhoff 
1995) . The hydropathy plots of the polyproteins of GBV- 

30 B HCV Very similar eve n though the overall 

homology of the predicted polyproteins between GBV-B and 
HCV is only about 25-30% (Muerhoff 1995) . The putative 
envelope proteins (El and E2) of GBV-B and HCV share 
common structural features, and significant homology was 

35 observed between the NS3 serine protease, the NS3 RNA 
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helicase, and the NS5 RNA- dependent RNA polymerase 
regions of GBV-B and HCV (Muerhoff 1995) . Furthermore , 
the function and substrate specificity of the GBV-B and 
HCV NS3 serine proteases are also similar (Scarselli 
1997) . The genomic structure and organization of GBV-B 
and HCV share additional features of interest. First, 
colinear regions with significant sequence homology were 
identified in the 5' UTRs (Muerhoff 1995) and the 
predicted IRES structure of GBV-B is similar to that of 
HCV (Lemon 1997). Second, both viruses begin the 3 1 UTR 
with a short sequence followed by a poly (U) stretch 
followed by additional nucleotides (50 nucleotides for 
GBV-B and 98 nucleotides for HCV). However, the 3 1 
j5 terminal sequence of HCV forms a stable stem- loop 

structure (Kolykhalov 1996) whereas the published 3 1 
terminal sequence of GBV-B does not. 

To date, molecular studies of HCV are severely 
limited by the lack of an efficient cell culture system 
for the virus and by expense and limited availability of 
chimpanzees, the sole animal model for HCV. 
Accordingly, a less expensive and more readily available 
animal than chimpanzees is necessary as an animal model 
25 for the study of HCV. 

Summary of Invention 

The present invention relates to nucleic acid 
sequence which comprises the genome of an infectious GB 

30 virus B (GBV-B) clone. It is therefore an object of the 
invention to provide nucleic acid sequence which encodes 
an infectious GBV-B. Such nucleic acid sequence is 
referred to throughout the application as "infectious 

^ nucleic acid sequence". 
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As significant structural homology exists 
between the genomes of GBV-B and HCV, the invention also 
relates to the use of infection of tamarins with the 
infectious nucleic acid sequence of GBV-B or with 
mutants of the infectious sequence to study indirectly 
the molecular properties of hepatitis C virus (HCV) or 
as a preliminary screen to identify agents which have 
antiviral activity against HCV. 

The invention further relates to "chimeric 
nucleic acid sequences" consisting of portions of the 
t infectious nucleic acid sequence of GBV-B and portions 
of the nucleic acid sequences of other viruses closely 
related to GBV-B such as HCV, GBV-C or other members of 
the Flavivirldae family which do not replicate in 
tamarins. In a preferred embodiment, the chimeric 
nucleic acid sequences consist of portions of the 
infectious nucleic acid sequence of GBV-B and portions 
of the nucleic acid sequence of HCV. The nucleic acid 
sequences taken from GBV-B and HCV can be open-reading 
frame sequences, and/or sequences from the 5'UTR and/or 
3'UTR. 

In one embodiment, GBV-B/HCV chimeras may be 
made in which 5' or 3 ' UTR sequences of the GBV-B 
infectious clone are replaced with the corresponding 
sequence from an HCV clone. 

In another embodiment, GBV-B/HCV chimeras may 
be constructed in which the structural or non- structural 
regions of GBV-B are replaced by corresponding regions 
of HCV. Thus, such a chimera would contain, for 
example, the HCV structual region in a GBV-B "genomic 
backbone". Of course, it is understood by one of skill 
in the art that the construction of the above-described 
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chimeric nucleic acid sequences may be reversed such 
that, for example, the GBV structural region may replace 
the structual region of an HCV genome to produce a 
chimera in which the GBV structural region is contained 
in an HCV backbone . 

The invention further relates to the use of 
the chimeric nucleic acid sequences of the invention to 
study the functions of HCV genes, and for the 
development of vaccine and antiviral agents against HCV. 

The invention also relates to the use of the 
infectious GBV-B nucleic acid sequence, the mutated GBV- 
B nucleic acid sequences or the chimeric sequences of 
the invention to identify cell lines capable of 
j5 supporting the replication of GBV-B or the chimeras of 

the invent ion . 

The present invention also relates to the 
polypeptides encoded by the nucleic acid sequences of 
the invention or fragments thereof. 

The present invention further relates to the 
in vitro and in vivo production of GBV-B, mutant GBV-B 
viruses or chimeric GBV-B/HCV viruses from the nucleic 
acid sequences of the invention. 
25 The invention also provides that the nucleic 

acid sequences and viruses of the invention be supplied 
in the form of a kit, alone or in the form of a 
pharmaceutical composition . 

30 Brief Description Of Figures 

Figure 1 shows a flow diagram of GB virus 
transmission studies in two species of tamarins, 
Sagulnus my s tax (SM) and Saguinus oedipus (SO) . The 
animals infected with GBV-B (Simons 1995a) are boxed. 
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Two serum pools (GB 8/93 and GB 2/94) were made from 
acutely infected animals. Both pools contained GBV-B, 
as well as GBV-A (Simons 1995) at a titer of 10 8 genome 
equivalent (GE)/ml. A 10% liver homogenate (CT 11/91) 
was made from a sacrificed tamarin. A number of S. 
mystax tamarins (SM 737, 749, 750, 760, 782, 795 and 
799) and S. oedipus tamarins (SO 100) were naturally- 
infected with GBV-Asm and GBV-A S0 , respectively, prior to 
inoculation (Bukh 1997) . Only two tamarins (SM 720 and 
748) , both GBV-A S m negative, became infected with GBV-A 
, (Simons 1995) following inoculation. Tamarins SM42 and 
SM670 were not tested for GBV-A or GBV-A SM . 

Figure 2 shows the course of GBV-B infection in 
25 tamarins (S. mystax) inoculated with a dilution series of 
the GB 2/94 pool. All animals were inoculated 
intravenously at week 0 with 1 ml of the indicated 
dilution. Results of qualitative RT-nested PCR for GBV-B 
in serum are shown at the top (filled circles, positive; 
empty circles, negative) . Serum levels of isocitrate 
dehydrogenase (ICD in units/ml); shaded area) and the 
estimated log 10 GBV-B GE titer (vertical columns) were 
plotted against time. 
25 Figure 3 shows alignment of the 3 1 UTR 

sequences of GBV-B. The sequence of the infectious clone 
of GBV-B (pGBB) is shown at the top (nts. 9038-9399). 
The other sequences shown are: pGBB5-l, a non- infectious 
clone of GBV-B; GBV-B, a prototype of GBV-B (Simons 
1995) ; eleven "gb" clones obtained from CT 11/91 liver . 
homogenate by 5' RACE on the minus-strand GBV-B RNA; four 
"29" clones obtained from GB 2/94 pool by RT-PCR across 
5 1 -to-3 1 -end-ligated viral GBV-B RNA; and seven "GBB3" 
35 clones obtained from GB 2/94 pool by standard RT-PCR. 
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With pGBB as the reference, nucleotide substitutions or 
insertions are shown as uppercase letters, identical 
nucleotides are shown as dots and nucleotide deletions 
are shown as dashes. 

Figure 4 shows the predicted secondary 
structure of the 3 1 UTRs of GBV-B and HCV as determined 
by the program "infold" (Genetics Computer Group) . 

Figure 5 shows the course of GBV-B infection in 
S. mystax tamarins transfected with RNA transcripts of 
pGBB. Both animals were negative for GBV-A SM . At week 0 
transcription mixtures were injected into tamarins by 
percutaneous intrahepatic injection guided by ultrasound. 
Results of qualitative RT-nested PCR for GBV-B in serum 
15 is shown at the top (filled circles, positive; empty 
circles, negative) . Serum levels of isocitrate 
dehydrogenase (ICD in units/ml; shaded area) and the 
estimated logio GBV-B GE titer (vertical columns) were 
plotted against time. 

Figures 6A-6F show the nucleotide sequence of 
the infectious hepatitis C virus clone of genotype la 
strain H77C and Figures 6G-6H show the amino acid 
sequence encoded by the clone . 
25 Figures 7A-7F show the nucleotide sequence of 

the infectious hepatitis C virus clone of genotype lb 
strain HC-J4 and Figures 7G-H show the amino acid 
sequence encoded by the clone . 

30 Description of The Invention 

The present invention relates to nucleic acid 
sequence which comprises the genome of an infectious GB 
virus B (GBV-B) clone. The nucleic acid sequence which 
comprises the genome of an infectious GBV-B virus is 
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shown in SEQ ID NO:l and is contained in the plasmid 
construct pGBB deposited with the American Type Culture 
Collection (ATCC) on May 28, 1999 and having ATCC 
accession number PTA-152. The present invention relates 
to the identification of a 260 nucleotide sequence at 
the 3' end of the infectious GBV-B clone which is shown 
in Example 3 to be necessary for the development of the 
infectious clone . 

Since GBV-B is the virus most closely related 
to HCV, the present invention also relates to * 
experimental infection of tamarins with the infectious 
GBV-B clone of the invention or with mutants of the 
infectious GBV clone to study indirectly the molecular 
properties of HCV or as a preliminary screen to identify 
agents which have antiviral activity against HCV. For 
example, since the predicted internal ribosome entry 
site (IRES) structure in the 5 ' UTR of GBV-B is similar 
to that of HCV (Lemon 1997) , the NS3 serine proteases of 
GBV-B and HCV have been shown to share substrate 
specificity in vitro (Scarselli 1997), and the 3'UTRs of 
HCV (Yanagi 1999) and GBV-B (see Examples) have been 
shown to be critical for viral infectivity, mutagenesis 
of these regions in the GBV-B infectious clone may be 
undertaken to examine IRES function, NS3 serine protease 
activity or the role of the 3 ' UTR in viral infectivity 
in vivo. Where such "mutations" are introduced into the 
GBV-B clone of the invention to create a "mutated" GBV-B 
sequence, the mutations include, but are not limited to, 
point mutations, deletions and insertions. Of course, 
one of ordinary skill in the art would recognize that 
the size of the insertions would be limited by the 
ability of the resultant nucleic acid sequence to be 
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properly packaged within the virion. Such mutations 
could be produced by techniques known to those of skill 
in the art such as site-directed mutagenesis, fusion 
PCR, and restriction digestion followed by religation. 

Alternatively, given the significant 
structural homology that exists between the genomes of 
GBV and HCV, the infectious GBV-B clone may be used to 
screen for inhibitors of IRES function or viral enzyme 
activity (for example, NS3 helicase, NS3 protease, NS2- 
NS3 protease or NS5B RNA polymerase activity) . Such 
inhibitors may be useful as antiviral agents to HCV 
since viral enzyme activity and IRES function are known 
to be critical for HCV replication. 
15 The effect of such inhibitors on the IRES 

function or viral activity of the GBV-B encoded by the 
infectious sequence of the invention may be measured by 
assays known to those of skill in the art to measure 
directly or indirectly viral replication or viral 
pathogenicity. Such assays include, but are not limited 
to, the measurement of virus titer in serum or liver of 
an infected tamarin by PCR or the measurement of GBV-B 
viral protein expression in liver cells of an infected 
25 tamarin by immunof lourescence or Western blot. Of 

course, it is understood that a comparison of results 
obtained for control tamarins (treated only with 
infectious nucleic acid sequence) with those obtained 
for treated tamarins (nucleic acid sequence and 
antiviral agent) would indicate, the degree, if any, of 
antiviral activity of the candidate antiviral agent. Of 
course, one of ordinary skill in the art would readily 
understand that the tamarins can be treated with the 
35 candidate antiviral agent either before or after 
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exposure to the infectious nucleic acid sequence of the 
present invention . 

In yet another embodiment, the invention 
relates to "chimeric nucleic acid sequences" which 
consist of portions of the infectious nucleic acid 
sequence of GBV-B and portions of nucleic acid sequences 
of viruses which are related to GBV-B such as HCV, GBV-C 
and other members of the Flaviviridae family which do 
not infect tamarins . In a preferred embodiment, 
chimeric nucleic acid sequences consist of portions of 
the infectious nucleic acid sequence of GBV-B and 
portions of nucleic acid sequences of hepatitis C 
viruses (HCV) of various genotypes or subtypes; 
preferably portions of nucleic acid sequence of 
infectious HCV clones of genotypes la (ATCC accession 
number PTA-157; Figures 6A-6F) , lb (ATCC accession 
number 209596; Figures 7A-7F) or 2a (ATCC accession 
number PTA-153; SEQ ID NO: 4). The nucleic acid 
sequences taken from GBV-B and HCV can be open- reading 
frame sequences, and/or sequences from the 5'UTR and/or 
3'UTR. The gene borders of the HCV genome, including 
nucleotide and amino acid locations, have been 
determined, for example, as depicted in Houghton, M. 
(1996) , and the putative gene borders of the GBV-B are 
shown in Table 1 . 

Of course, it is understood that the 
production of GBV-B/HCV chimeras could include insertion 
of specific genes or regions of the infectious GBV-B 
clone into an HCV "genomic backbone" (where the HCV 
genomic backbone is preferably an infectious nucleic 
acid sequence of HCV genotypes la, lb or 2a described 
above) or alternatively, could include insertion of 
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specific genes (or portions thereof) or regions of an 
HCV genome into the GBV-B infectious clone of the 
invention. Of course, where HCV genes or regions are to 
be inserted into the GBV-B infectious clone, it is to be 
understood that the inserted HCV sequences may be 
unmodified or may be mutated in order to examine the 
effect of the mutation (s) on the function of the 
inserted HCV gene or region in the chimeric GBV-B-HCV 
virus . 

Such chimeras can readily be produced by 
methods known to those of ordinary skill in the art. 

In one embodiment, GBV-B/HCV chimeras may be 
made in which 5' or 3 ' UTR sequences of the GBV-B 
infectious clone are replaced with the corresponding 
sequence from an HCV clone. For example, chimeras may 
be constructed in which the IRES sequence of the 
infectious GBV-B clone is replaced by the IRES sequence 
of HCV. Such chimeras can be used in identifying 
inhibitors of IRES activity which would be useful as 
antiviral agents, or could be used to examine HCV IRES 
function in vivo. Alternatively, mutations could be 
introduced into the HCV IRES contained in the GBV-B 
clone in order to examine the effect of the mutation (s) 
on IRES function in vivo . 

Alternatively, GBV-B/HCV chimeras may be made 
in which the 3' UTR sequence of GBV-B is replaced by the 
3 'UTR sequence of HCV. As the 3' terminal stem- loop 
structure is believed to be important for initiation of 
RNA replication and has been shown to be critical for 
infectivity of HCV in vivo , such chimeras may be used 
for more detailed analysis of the function of the 3' UTR 
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sequence of HCV in vivo and for the testing of candidate 
antiviral agents . 

In another embodiment, GBV-B/HCV chimeras may 
be constructed in which the structural or non- structural 
regions of GBV-B are replaced by corresponding regions 
of HCV. Such chimeras would be useful in identifying 
whether the inability of HCV to infect tamarins is due 
to the inability of HCV' s structural region to bind the 
receptor necessary for infection of tamarins or to the 
absence of sequences in HCV s nonstructural regions 
which are necessary for replication in tamarins. For 
example, the ability to infect tamarins with GBV-B/HCV 
chimeras in which the non- structural region of GBV-B is 
replaced by the non-structural region of HCV would 
indicate that the structural genes of GBV-B are 
necessary for viral infection in tamarins, and that the 
inability of HCV to infect tamarins is likely due to its 
lack of receptors for HCV. 

Alternatively, the ability to infect tamarins 
with GBV-B/HCV chimeras in which the structural region 
of GBV-B is replaced by the structural region of HCV 
would indicate that the non-structural genes of GBV-B 
are critical for viral infection in tamarins, and that 
the inability of HCV to infect tamarins is likely due to 
HCV's lack of nonstructural sequences which are 
necessary for replication in tamarins. 

Of course, GBV-B-HCV chimeras may be 
constructed in which only a portion of the non- 
structural or structural regions of GBV-B are replaced 
by the corresponding portions of HCV sequences. For 
example, a chimera in which only one or two of the three 
structural genes (C, El and E2) of GBV-B are replaced by 
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the corresponding HCV structural genes may be made. In 
one embodiment, nucleic acid sequences comprising the El 
and E2 genes of GBV-B may be replaced by the sequences 
comprising the HCV El and E2 genes. In another 
embodiment, nucleic acid sequence comprising either the 
El or E2 gene of GBV-B is replaced by sequence encoding 
either the HCV El or E2 gene. 

Alternatively, only a fragment of a GBV-B 
structural gene in the infectious GBV clone may be 
replaced with the corresponding HCV gene fragments. For 
example, the amino terminal of the GBV-B El gene may be 
replaced by the corresponding portion of an HCV El gene 
or an amino terminal portion of the GBV-B E2 gene may be 
15 replaced by an amino terminal portion of HCV E2 gene tht 
containing the HVR1 region. As the structural genes of 
HCV are believed to be important for neutralization, 
chimeras containing an HCV structural gene (s) or 
fragment (s) thereof can be used to develop vaccines 
against HCV. 

In yet another embodiment, chimeras in which 
individual non-structural genes of GBV-B, such as NS3 
RNA helicase, NS3 protease, or the NS5B RNA-dependent 
25 RNA polymerase are replaced by the corresponding non- 
structural genes of HCV may be constructed. Such 
chimeras would, for example, be useful in identifying 
inhibitors of viral enzyme activity which would be 
useful as antiviral agents. Of course, it is understood 

30 

that in order to construct chimeras in which the 
polyprotein cleavage sites of the GBV-B remain intact, 
it may be desirable to replace only a fragment of a 
nonstructural gene of GBV-B with the corresponding HCV 
35 gene fragment. 
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The present invention also relates to 

polypeptides encoded by the nucleic acid sequences of 

the invention or fragments thereof. In one embodiment, 

said polypeptide or polypeptides may be fully or 

5 partially purified from viruses produced by cells 

transfected with the nucleic acid sequences of the 

invention. In another embodiment, the polypeptide or 

polypeptides may be produced recombinantly from a 

fragment of the nucleic acid sequences of the invention. 

'° In yet another embodiment, the polypeptides may be 

chemically synthesized . 

The present invention further relates to the 

in vitro and in vivo production of GBV-B, mutated GBV-B 

15 or chimeric GBV-B/HCV viruses from the nucleic acid 

sequences of the invention. 

In one embodiment, the sequences of the 

invention can be inserted into an expression vector that 

functions in eukaryotic cells. Eukaryotic expression 
20 . 

vectors suxtable for producing high efficiency gene 

transfer in vivo are well known to those of ordinary 

skill in the art and include, but are not limited to, 

plasmids, vaccinia viruses, retroviruses, adenoviruses 

25 and adeno-associated viruses. 

In another embodiment, the sequences contained 

in the recombinant expression vector can be transcribed 

in vitro by methods known to those of ordinary skill in 

30 in ° rder to P roduce transcripts which encode 

the GBV-B of the invention. The GBV-B of the invention 
may then be produced by transfecting cells by methods 
known to those of ordinary skill in the art with either 
the in vitro transcription mixture containing the RNA 
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transcripts or with the recombinant expression vectors 
containing the nucleic acid sequences described herein. 

In assaying the ability of the mutated GBV-B 
sequences or of the chimeric sequences of the invention 
to infect tamarins, the virulence phenotype of the virus 
produced by transfection of tamarins with the sequences 
of the invention can be monitored by methods known in 
the art such as measurement of liver enzyme levels 
(alanine aminotransferase (ALT) or isocitrate 
dehydrogenase (ICD) ) or by histopathology of liver 
biopsies . 

The present invention also relates to the use 
of the infectious GBV-B sequence, the mutated GBV-B 
15 nucleic acid sequences or the chimeric sequences of the 

invention to identify cell lines capable of supporting 
the replication of GBV-B or the chimeras of the 
invention . 

Transfection of tissue culture cells with the 
nucleic acid sequences of the invention may be done by 
methods of transfection known in the art such as 
electroporation, precipitation with DEAE-Dextran or 
calcium phosphate, or incorporation into liposomes. 
25 In one such embodiment, the method comprises 

the growing of animal cells in vitro and transfecting 
the cells with the nucleic acid of the invention, then 
determining if the cells show indicia of GBV-B or HCV 
infection. Such indicia include the detection of viral 
antigens in the cell, for example, by immunofluorescence 
procedures well known in the art; the detection of viral 
polypeptides by Western blotting using antibodies 
specific therefor; and the detection of newly 
35 transcribed viral RNA within the cells via methods such 
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as RT-PCR. The presence of live, infectious virus 
particles following such tests may also be shown by 
injection of cell culture medium or cell lysates into 
healthy, susceptible animals, with subsequent exhibition 
of the signs and symptoms of GBV-B infection. 

Suitable cells or cell lines for culturing 
GBV-B or the chimeric GBV-B-HCV include, but are not 
limited to, lymphocyte and hepatocyte cell lines known 
in the art . 

Alternatively, primary hepatocytes can be 
cultured, and then infected; or, the hepatocyte cultures 
could be derived from the livers of infected tamarins. 
In addition, various immortalization methods known to 
those of ordinary skill in the art can be used to obtain 
cell-lines derived from hepatocyte cultures. For 
example, primary hepatocyte cultures may be fused to a 
variety of cells to maintain stability. 

The invention also provides that the nucleic 
acid sequences and viruses of the invention be supplied 
in the form of a kit, alone or in the form of a 
pharmaceutical composition. 

All scientific publication and/or patents 
cited herein are specifically incorporated by reference. 
The following examples illustrate various aspects of the 
invention but are in no way intended to limit the scope 
thereof . 

EXAMPLES 
Materials and Methods 

Source of GB virus B 

Two tamarin pools VR-8 06, (American Type 
Culture Collection) and H205, were used for experimental 
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transmission of the GB virus agents to tamarins species 
Saguinus mystax and Saguinus oedipus . 

Amplification, cloning and sequence analysis of GBV-B 

Viral RNA was extracted from aliquots of the 
GB 2/94 serum pool or CT 11/91 liver homogenate with the 
TRIzol system (GIBCO/BRL) . Primers used in cDNA 
synthesis and PCR amplification were based on the 
genomic sequence of GBV-B published by Simons et al 

10 (Simons 1995) shown in SEQ ID NO:3. Long RT-PCR was 

performed using Superscript II reverse transcriptase 
(GIBCO/BRL) and the Advantage cDNA polymerase mix 
(Clontech) as described previously (Tellier 1996) . Four 
subgenomic regions of GBV-B covering the entire 
published sequence (Simons 1995) were amplified from 
serum and the PCR products were purified and cloned into 
pGEM-9Zf (-) (Promega) or pCR2 . 1 vector (Invitrogen) 
using standard procedures. 

20 The 5' terminus of GBV-B was amplified from 

serum by using the rapid amplification of cDNA ends 
(RACE) with dC or dA tailing (GIBCO/BRL) and GBV-B 
specific antisense primers. Two different approaches 
were used to determine the 3 1 terminal sequence of GBV- 
B. In one approach, GBV-B RNA extracted from serum was 
circularized with T4 RNA ligase (Promega) and the 5'-to- 
3 ' -end-ligated viral RNA was amplified in RT-PCR using 
specific GBV-B primers. In the second approach, the 5' 

30 end of the negative strand GBV-B RNA extracted from the 
liver homogenate was amplified using the 5 1 RACE with dC 
tailing and GBV-B specific sense primers. The PCR 
products were cloned directly into pCR2.1-TOPO by using 
the TOPO TA Cloning Kit (Invitrogen) . 
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The consensus sequence of GBV-B was determined 
by direct sequencing of PCR products (nucleotides 1-9078 
and nucleotides 9130-9359) and by sequence analysis of 
the clones (nucleotides 1-7135 and nucleotides 7151- 
9399) . Nucleotide positions correspond to those of the 
infectious clone (pGBB) . Analyses of genomic sequences 
were performed with GeneWorks (Oxford Molecular Group) 
(Bukh 1995) . To determine whether the GenBank data base 
contained sequences with homology to the GBV-B 3 1 UTR 
sequence identified in the present invention, a "Blast" 
search was performed. The predicted secondary structure 
of the GBV-B and HCV 3' UTR sequences were determined by 
the program "mfold" (Genetics Computer Group) . 

Construction of consensus cDNA clones of GBV-B 

First, clone pGBB5- 1 , a consensus clone of 
GBV-B 2/94 containing the 3' terminus of GBV-B as 
published by Simons et al was constructed (Simons 
1995a) . The core sequence of the T7 promoter, a 5' 
guanosine residue and the sequence of GBV-B (9139 
nucleotides) were cloned into pGEM-9Zf (-) vector using 
NotI/ SacI sites. A BamHI site was included at the GBV-B 
3' terminus. Digested fragments containing the 
consensus sequence were purified from subclones and 
ligated using convenient sites. Next, a second 
consensus clone of GBV-B, clone pGBB, was constructed by 
inserting the additional 3 1 terminal sequence, amplified 
by PCR from one of the clones obtained by the RACE 
procedure described above, into pGBB5-l using Xmal (at * 
position 9114) and BamHl sites. A Xhol site was 
inserted following the GBV-B 3' terminus. DH5-alpha 
competent cells (GIBCO BRL) were transformed and 
selected on LB agar plates containing 100 jag/inl 
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ampicillin (SIGMA) and amplified in LB liquid cultures 
at 30°C for 18-20 hrs (Yanagi 1997) . Each cDNA clone 
was re -transformed to select a single clone, and 
large-scale preparation of plasmid DNA was performed 
with a QIAGEN plasmid Maxi kit as described previously 
(Yanagi 1997) . Each clone was genetically stable since 
the digestion pattern was as expected following 
retransf ormation and the complete sequence was the 
expected one. 

Intrahepatic transfection of tamarins with transcribed 
GBV-B RNA 



In 100 jal reactions, RNA was transcribed in 
vitro with T7 RNA polymerase (Promega) from 10 ng of 
15 linearized template plasmid. The plasmid pGBB5-l was 

linearized with BamHI (Promega) and the plasmid pGBB was 
linearized with Xhol (Promega) . The integrity of the 
RNA was checked by electrophoresis through agarose gel 
stained with ethidium bromide. Each transcription 
mixture was diluted with 400 |il of ice-cold 
phosphate-buffered saline without calcium or magnesium 
(SIGMA) and then immediately frozen on dry ice and 
stored at -80°C. Within 24 hours of synthesis, two 
transcription mixtures were injected into each tamarin 
by percutaneous intrahepatic injection guided by 
ultrasound (Emerson, 1992; Yanagi 1998, 1999) . If the 
tamarin did not become infected, the same transfection 
30 was repeated once. All transfected animals were 
negative for GBV-A SM as determined by the protocol 
described previously (Bukh 1997a) . 

Monitoring of experimental course in tamarins 
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Serum samples were collected weekly from the 
tamarins and monitored for liver enzyme levels [alanine 
aminotransferase (ALT) , gamma-glutamyltranspeptidase 
<GGT) , and isocitrate dehydrogenase (ICD)] by standard 
methods and for GBV-B RNA by a specific reverse 
transcriptase -polymerase chain reaction (RT-PCR) assay. 
Total RNA was extracted from 100 jal of serum using the 
TRIzol reagent. The RNA pellet was resuspended in 10 mM 
dithiothreitol (DTT) containing 5% (vol/vol) of RNasin 
(20-40 u/iil) (Promega) . The RT-nested PCR was performed 
with primers from the 5' UTR of GBV-B (external primer 
pair: 5'-CCT AGC AGG GCG TGG GGG ATT TCC-3 1 and 5 ' -AGG 
TCT GCG TCC TTG GTA GTG ACC-3 - ; internal primer pair: 
5'-GGA TTT CCC CTG CCC GTC TG-3' and 5«-CCC CGG TCT TCC 
CTA CAG TG-3'). The reverse transcription was performed 
with avian myeloblastosis virus reverse transcriptase 
(Promega) and the external anti-sense primer and nested 
PCR was performed with AmpliTaq DNA polymerase or 
AmpliTaq Gold DNA polymerase (Perkin Elmer) as described 
previously (Bukh 1998a) . Specificity was confirmed by 
sequence analysis of selected DNA products. Each set of 
experiments included a positive control sample (a 10" 6 
dilution of GB 8/93, estimated titer 100 genome 
equivalent (GE) ) and appropriate negative control 
samples. The genome equivalent (GE) titer of GBV-B in 
positive samples was determined by RT-nested PCR on 
10 -fold serial dilutions of the extracted RNA (Bukh 
1998a) . One GE was defined as the number of GBV-B 
genomes present in the highest dilution positive in RT- 
nested PCR. The sensitivity of this RT-nested PCR assay 
for GBV-B was equivalent to that of our RT-nested PCR 
assay for HCV (Bukh 1998b) , for example, conserved NS3 
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primers which had the same sensitivity for GBV-B as the 
5' UTR primers could detect HCV at optimal sensitivity 
in samples with known HCV genome titer. Testing for 
GBV-A and GBV-A variants was performed by RT-nested PCR 
assays as described previously (Bukh 1997a) . 

The consensus sequence of the complete ORF was 
determined by direct sequencing of overlapping PCR 
products obtained by long RT-nested PCR on serum from 
one of the tamarins infected with RNA transcripts as 
previously described (Yanagi 1997) . 

Example 1 

Transmission of GB Agent in Tamarins 

To generate virus pools of the GB agent, 
tamarins were inoculated intravenously with pooled sera 
of the eleventh tamarin passage of this agent (Fig. 1) . 
Acute phase sera from a S. mystax tamarin which 
developed hepatitis were pooled (GB 8/93) and inoculated 
20 into additional S. mystax tamarins to generate a second 
pool of acute phase serum (GB 2/94) . Both serum pools 
contained approximately 10 8 GE/ml of GBV-B and GBV-A. A 
10% liver homogenate (CT 11/91) was prepared from a S. 
oedipus tamarin which developed hepatitis following 
inoculation with the twelfth passage of the GB agent. 
The titer of GBV-B in the liver homogenate was 
approximately 10 7 GE/ml. The GB 2/94 serum and CT 11/91 
liver samples were used as GBV-B cloning sources in the 
30 present study. 

Inoculation of eight S. mystax tamarins with 
ten-fold serial dilutions of the GB 2/94 pool 
demonstrated that its infectivity titer of GBV-B was 10 8 
^ tamarin 50% infectious doses (TID 50 ) (Fig. 2) . The five 
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GBV-B infected tamarins all developed acute resolving 
hepatitis characterized by early appearance of viremia 
(weeks 1 or 2 p.i.), peak viral titers of 10 7 -10 8 GE/ml 
and clearance of viremia after 9-16 weeks (Fig. 2) . Two 
of these tamarins (S. mystax 769 and 777) were infected 
only with GBV-B and were negative for GBV-A and GBV-A SM/ 
whereas the other three tamarins were infected with both 
GBV-B and GBV-A SM . A S. mystax tamarin inoculated with 
the liver homogenate also developed acute resolving 
hepatitis with peak GBV-B titers of 10 7 GE/ml and 
clearance of viremia after 11 weeks. Likewise, four S. 
mystax tamarins inoculated with dilutions of the GB 8/93 
pool developed acute resolving hepatitis with clearance 
of the GBV-B virus after 11-26 weeks. Thus, GBV-B 
infection in S. mystax tamarins is characterized by 
acute hepatitis, early appearance of viremia, high peak 
viral titers and viral clearance. 

Example 2 
Novel 3 ! Terminal Sequence of GBV-B 

The consensus sequence of the complete 5 1 UTR 
of GBV-B (nucleotides 1-44 5) was deduced from 13 clones 
containing nucleotides 1-283 and 3 clones containing 
nucleotides 31-445. In addition, the entire 5 1 UTR 
sequence was determined by direct sequencing of the 
amplicons. The sequences of the various clones were 
highly conserved and the consensus 5 f UTR sequence of 
GBV-B from this pool was identical to that of the 
previously published sequence for GBV-B (Simons 1995a) . 
It is noteworthy that 13 of 15 clones analyzed from the 
rapid amplification of cDNA ends (RACE) procedure 
contained the published GBV-B 5' terminus (A residue) 
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and that the same 5 1 terminus was obtained whether the 
5* RACE was performed with dC or dA tailing. 

The consensus sequence of the ORF (nucleotides 
446-9037) was determined by direct sequencing of PGR 
products obtained using long RT-PCR (Yanagi 1997) . In 
addition, 3 clones containing nts. 446-7135 (one of 
these clones had a deletion of nts. 3036-3636), 2 clones 
containing nts. 2019-3373, 5 clones containing nts. 
7151-8261 and 7 clones containing nts. 7521-9037 were 
analyzed. The sequences of GBV-B clones in this pool 
were very homogeneous. Evidence of micro-heterogeneity 
was found at only 70 (0.8%) nucleotide and 36 (1.3%) 
amino acid positions, scattered throughout the ORF. The 
proportion of amino acid positions with heterogeneity 
ranged from 0.5-3.2% in different putative gene regions 
(lowest in NS3 and NS5B ; highest in E2 and NS2) . The 
GBV-B ORF sequence differed from the published sequence 
of GBV-B (Simons 1995) at 34 (0.4%) nucleotide and 12 
(0.4%) deduced amino acid positions, respectively (Table 
1) . 
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Table 1 

Nucleotide and amino acid differences among GBV-B (Simons 
1995a) , the consensus sequence of GBV-B recovered from a virus 
pool used as the cloning source (GBV-B, 2/94) and the infectious 

clone of GBV-B 



Genomic Region* 


Position 
nt [aaj 




Nucleotide 






Amino Acid 










GBV-B 






GBV-B 




5' UTR (1-445) 




GBV-B 


2/94 


PGBB 


GBV-B 


2 /94 














C (446-913) 
















El (914-1489) 


1030 


C 


T 


T 








E2 (1490-2641) 


1498 


T 


C (t) 


C 










1628 [395] 


G 


A (g) 


A 


V 


I (V) 


I 




2552 [703] 


G 


A (g) 


A 


D 


N (D) 


N 




2562,2563 


C,A 


A,C 


A,C 


P 


H 


H 




[706] 
















2566 


T 


T 


T 










2625 (727] 


C 


T 


T 


A 


V 


V 


NS2 (2642-3385) 


2647 


C 


T (c) 


T 










2816 [791] 


C 


T 


T 


L 


F 


p 




2855 [804] 


A 


G 


G 


T 


A 


A 




3235 


A 


G 


G 








NS3 (3386-5125) 


3475** 


C 


C (t) 


T 










3760 


c 


T (c) 


T 










4114 


c 


T 


T 










4117 


c 


A 


A 










4177 


T 


C 


C 










4615 


c 


T 


T 








NS4A (5126-5290) 
















NS4B (5291-6034) 


5329 


c 


T 


T 










5332 


T 


C 


C 










5350 


A 


c 


c 










5455 


C 


T (c) 


T 








NS5A (6035-7267) 


6413 


T 


A (t) 


A 


L 


M (L) 


M 




[1990] 














6577 


G 


T 


T 










6690 


T 


C (t) 


C 


I 


T(I) 


T 




[2082] 














6965 


T 


C (t) 


C 


S 


P (S) 


P 




[2174] 














7015 


A 


G (a) 


G 










7128 


G 


A 


A 


G 


E 


E 




[2228] 
















7138** 


A 


A 


G 










7142 


A 


G 


G 


T 


A 


A 




[2233] 














NS5B (7268-9037) 


7282 


T 


C (t) 


C 










7849 


C 


A 


A 










7852 


c 


T 


T 










8942 


G 


A (g) 


A 


V 


I (V) 


I 




[2981] 














8971 


T 


C 


C 










9026 


C 


T (c) 


T 








3' UTR (9038- 


9067 


T 


C 


C 








9399) 


















Poly(U) 


27 nts 


11-23 nts 


23 nts 










9134 


Deletion 


c 


C 








♦Nucleotide nosiri 


9141-9399 


ND 

i^-: *-~ 


259 nts 


259 nts 









No homology was observed at the 



suggested by homology with HCV (Muerhof f 1995) 
NS2-NS3 junction. 

♦♦Positions that differ between the cloning source (GBV-B 2/94) and the 
infectious clone of GBV-B (pGBB) . The change introduced into pGBB at position 
7138 introduced an artificial Sail site, nd: Not determined. Nucleotides and 
ammo acids shown in parenthesis were found as a minor species in the clonina 
source (GBV-B, 2/94 a 



WO 00/75337 



PCT/US00/15293 



- 25 - 

o 

The sequence for the 3 1 UTR is shown in Figure 
3 . Additional 3 ». UTR sequence was initially identified 
by performing RT-PCR across 5 1 -to-3 1 -end-ligated viral 
RNA extracted from serum. In all 4 clones with GBV-B 
5 sequences, the 5' UTR was truncated compared to the 

published sequence (simon 1995a) . However, whereas one 
clone (29c) had the exact 3 1 terminus previously 
published by Simons et al . (Simons 1995a), the three 
other clones (29a, 29b, 29d) had 150 additional terminal 

10 nucleotides. Compared with the published sequence, all 
four clones had a single nucleotide insertion (C 
residue) at position 9134. Next, RACE using dC-tailing 
only was performed on the 5' end of the negative -strand 

j 5 RNA extracted from the liver homogenate . All 11 clones 
analyzed had additional sequences at the 3' terminus. 
Compared with the published GBV-B sequence, two clones 
(gb6, gb23) had 259 additional nucleotides, 8 clones 
(gb9, gbl9, gb20, gb21, gb24, gb25, gb30, gb35) had 236 

20 

additional nucleotides and 1 clone (gb8) had 232 
additional nucleotides. Moreover, all of these clones 
had the insertion at position 9134. The 3* UTR 
sequences among the various clones were highly conserved 
25 (Fig- 3) . To demonstrate that the terminal 22 

nucleotides found only in clones gb6 and gb23 existed in 
circulating viruses, RT-nested PCR was performed on 10- 
fold serially diluted RNA extracted from the serum pool 
GB 2/94 using an RT and external antisense primer 

30 

deduced from this sequence. GBV-B RNA was detected at .a 
dilution of 10" 7 and the sequence of the amplicon was 
identical to the sequence recovered from the liver 
homogenate. Thus, the 3* UTR of GBV-B consists of a 
35 short sequence of 30 nucleotides followed by a 11-24 
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nucleotide -long poly (U) tract (single C residues were 
observed in GBV-B from the liver homogenate) and a 3' 
terminal sequence of at least 309 nucleotides. The new 
GBV-B 3 ' UTR sequence did not have significant homology 
to any of the sequences deposited in the GenBank 
database. A prediction of the secondary structure of 
the 3' UTR sequence is shown in Figure 4. The most 
notable feature of the secondary structure is a highly 
stable stem-loop structure at the very 3' end consisting 
of 47 nucleotides. 

Example 3 

The pGBB Clone of GBV-B is Infectious in vivo 

The infectivity of RNA transcripts from the 
consensus clone pGBB5-l which encompassed only the 
published GBV-B sequence (Simons 1995) was first tested. 
Within the GBV-B sequence there were no deduced amino 
acid differences and only 2 nucleotide differences (at 
nucleotide positions 3475 and 7138) between the 
consensus sequence of the cloning source (GBV-B 2/94) 
and the sequence of pGBB5-l clone. In addition, the 3' 
UTR of pGBB5-l had a deletion at nucleotide position 
9134 and was missing the 3 ■ terminal 259 nucleotides 
(Fig. 3) . Prior to transcription, the pGBB5-l clone was 
linearized at the BamHT site with digestion at the exact 
GBV-B 3' terminus. The RNA transcripts from pGGB5-l 
were injected into the liver of two tamarins (S. mystax 
797 and 815) . GBV-B RNA was not detected in weekly 
serum samples collected during 17 weeks of follow-up. 
As the susceptibility of these two tamarins to GBV-B was 
subsequently demonstrated by experimental infection 
using a GBV-B virus pool, the consensus clone pGBB5-l 
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which lacks the 3 1 terminal sequence of GBV-B is thus 
not infectious in vivo. 

Next, the infectivity of RNA transcripts from 
the full-length consensus GBV-B cDNA clone pGBB was 
2 tested. The pGBB clone was identical to the pGBB5-l 

clone except in the 3' UTR. Thus, in addition to a 5 1 
UTR of 445 nucleotides, an ORF of 8592 nucleotides 
encoding 2864 amino acids and a 3 ' UTR of 103 
nucleotides, the pGBB clone also contains an additional 

^ 259 nucleotides in its 3' UTR. pGBB was linearized at 

the Xhol site which added an additional C residue at the 
3* end of the transcribed GBV-B RNA. When RNA 
transcripts from the pGBB clone were injected into the 

15 liver of two tamarins (S. mystax 816 and 817) , both 

tamarins became infected with GBV-B with viremia at week 
1 p.i. and peak viral titers of 10 8 GE/ml (Fig. 5). The 
consensus sequence of PCR products of the complete ORF, 
amplified from serum obtained during week 2 p.i. from 

20 

one tamarin (S- mystax 817) , was identical to the 
sequence of pGBB , including at the two positions which 
differed from the consensus sequence of the cloning 
source and from the published sequence of GBV-B (Table 
25 1) - By performing RT-PCR as desired above, it was 

demonstrated that the very 3 1 terminal GBV-B sequence of 
pGBB existed in the circulating viruses in this tamarin. 
Within two weeks of the transfection both tamarins 
developed hepatitis with dramatically elevated liver 

30 

enzyme levels (Fig. 5) . Thus, the pGBB clone is 
infectious in vivo whereas the clone pGBB5-l which lacks 
the last 259 nucleotides was not. 
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WHAT IS CLAIMED IS: 

1. An isolated nucleic acid molecule which 
encodes GB virus-B, said molecule capable of expressing 
said virus when transfected into cells. 

2. The nucleic acid molecule of claim 1, 
wherein said molecule encodes the amino acid sequence of 
SEQ ID NO: 2. 

3. The nucleic acid molecule of claim 2, 
wherein said molecule comprises the nucleic acid 
sequence of SEQ ID NO:l. 

4 . A DNA construct comprising a nucleic acid 
molecule according to claim 1. 

5. A DNA construct comprising a nucleic acid 
molecule according to claim 3 . 

6 . An RNA transcript of the DNA construct of 
claims 4 or 5 . 

7. A cell transfected with the DNA construct 
of claims 4 or 5 . 

8. A cell transfected with RNA transcripts 
of claim 6. 

9. A GB virus-B polypeptide produced by the 
cell of claim 7. 

10. A GB virus-B polypeptide produced by the 
cell of claim 8. 

11. A GB virus-B produced by the cell of 

claim 7. 

12. A GB virus-B produced by the cell of 

claim 8. 
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13. A GB virus-B whose genome comprises a 
nucleic acid molecule according to claim 1. 

14. A GB virus-B whose genome comprises a 
nucleic acid molecule according to claim 3 . 

15. A method for producing a GB virus-B 
comprising transfecting a host cell with the DNA 
construct of claims 4 or 5 . 

16. A method for producing a GB virus-B 
comprising transfecting a host cell with the RNA 
transcript of claim 6 . 



17. A composition comprising a nucleic acid 
molecule of claim 1 suspended in a suitable amount of a 

15 pharmaceutically acceptable diluent or excipient . 

18. A composition comprising a nucleic acid 
molecule of claim 3 suspended in a suitable amount of a 
pharmaceutically acceptable diluent or excipient. 

19. A nucleic acid molecule comprising a 
chimeric virus genome, said genome being a GB virus-B 
genome according to claim 1 in which a 3' or 5' UTR 
sequence of the genome is replaced by a corresponding 
region of the 3' or 5' UTR sequence of a hepatitis C 
virus genome. 

20. The nucleic acid molecule of claim 19, 
wherein a 3 ' UTR sequence of the genome of a GB virus-B 
is replaced by a corresponding 3' UTR sequence of a 
hepatitis C virus genome. 

21. The nucleic acid molecule of claim 20, 
wherein the 3' UTR sequence is the 3' UTR terminal stem 
loop sequence. 
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22. The nucleic acid molecule of claim 19, 
wherein a 5' UTR sequence of the genome of a GB virus-B 
has been replaced by a corresponding 5' UTR sequence of 
a hepatitis C virus genome. 

23. The nucleic acid molecule of claim 22, 
wherein the 5' UTR sequence is the IRES sequence. 

24 . A nucleic acid molecule comprising a 
chimeric virus genome, said genome being a GB virus-B 
genome according to claim 1 in which the non-structural 
region of the genome of a GB virus-B has been replaced 
by the non- structural region of a hepatitis C virus 
genome . 

25. The nucleic acid molecule of claim 24, 
wherein at least one gene from the non- structural region 
of the genome of a GB virus-B has been replaced by the 
corresponding gene from the non- structural region of a 
hepatitis C virus genome. 

26. The nucleic acid molecule of claim 25, 
wherein the gene from the non- structural region is 
selected from the group consisting of NS3 protease, NS3 
RNA helicase, or NS5B RNA polymerase. 

27. A nucleic acid molecule comprising a 
chimeric virus genome, said genome being a GB virus-B 
genome according to claim 1 in which the structural 
region of the genome of a GB virus-B has been replaced 
by the structural region of a hepatitis C virus genome. 

28. The nucleic acid molecule of claim 27, 
wherein at least one gene from the structural region of 
the genome of a GB virus-B has been replaced by the 
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corresponding gene from the structural region of a 
hepatitis C virus genome. 

29. The nucleic acid molecule of claim 28, 
wherein the gene from the structural region is selected 

5 from the group consisting of El, E2 or C. 

30. The nucleic acid molecule of claim 28, 
wherein the El and E2 genes from the structural region 
of the genome of a GB virus -B have been replaced by the 

10 El and E2 genes of a hepatitis C virus genome. 

31. The nucleic acid molecule of claim 28, 
wherein the El gene from the structural region of the 
genome of a GB virus -B has been replaced by the El gene 

^ of a hepatitis C virus genome. 

32. The nucleic acid molecule of claim 28, 
wherein the E2 gene from the structural regions of the 
genome of a GB virus -B has been replaced by the E2 gene 
of a hepatitis C virus genome . 

33 . A DNA construct comprising the nucleic 
acid molecule of claims 19, 24 or 27. 

34. An RNA transcript of the DNA construct of 

claim 33. 

35. A virus whose genome comprises a nucleic 
acid molecule according to claims 19, 24 or 27. 

36. A nucleic acid molecule comprising a 

30 chimeric virus genome, said genome being a hepatitis C 
virus genome in which a 3' or 5' UTR sequence of the 
genome is replaced by a corresponding region of the 3' 
or 5' UTR sequence of a GB virus -B genome according to 
claim 1. 
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37. A nucleic acid molecule comprising a 
chimeric virus genome, said genome being a hepatitis C 
virus genome in which the non- structural region of the 
genome has been replaced by the non- structural region of 
a GB virus-B genome according to claim 1. 

38. A nucleic acid molecule comprising a 
chimeric virus genome, said genome being a hepatitis C 
virus genome in which the structural region of the 
genome has been replaced by the structural region of a 
GB virus-B. genome according to claim 1. 

39. A polypeptide encoded by the nucleic acid 
molecule of claims 19, 24 or 27. 

40. A polypeptide encoded by the nucleic acid 
molecule of claims 36, 37 or 38. 
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QOCAQOOOOC TCA3X33333C GACACIGCAC CftlGRATCftC TOGOC 'lU llA 50 

Q3AACEACIG TCTCCA03CA GAAAC3D3ICT AG03ftIIG33G TERGIMGftG 100 

H jlOLalGGfiG aZTOCfiGGftC OOOOGCTOOC Q33AGaG0CA TftGIGSIC TO ISO 

O33AAQ033T GAJ313O033 GAA1T30CAG GAOGAOCX333 TOCTnCTIG 200 

GATAAACQ33 CICAAIQOCT GGAGATnQG G03I033332 QCAAGACIQ3 250 

TAQOOGAGIA GIGITQQSIC G0GAAAG30C TlUiUJlACT Q33TCAIAQ3 300 

G'lULTlUULaA. GIQ0333333 AQ3ICI03IA GA033IGCAC CAIGAQCAOG 350 

AATOCIftAAC CTCAAAGAAA AAOCAAAasr AACAOCAACC GID3QJLACA. 400 

Q3AQ3ICAAG T 1033333IG QQ33ICAGAT UbTlUilUA GTITftCITGr 450 

T3Q0QQQCAG Ub^JLTAGA T H 3 J £1 U 1GC GOQOSAQGaG GAAGA LTIUL' 500 

GAG033IO3C AAOCTOSftGS TAGAC3ICAG 03IA2OXCA AG32A03TO3 550 

GOQQGAGQQC AC33AOCIQ33 CICAG0CO33 G33^JULT1UJ CCXXTCIATC 600 

GCAATCAQQG TIG3333I03 G3333A2Q3C: TCCIGICIOC 033IQ3CICT 650 

03QC3CTAQCr G333300CAC AGAQQ3C033 GC3Tft03T03C GCAATITQG3 700 

TAA33TCATC GA3&O0CTm 03IQa33CIT 0300320310 A3G333I?Ol 750 

TftOOGCTOGT G3G0Q00Q0T CTIGGAGGOS OIQ0CAGO3C O0IG333CAT 800 

G303IC0333 TIOIQGAAGA OQQOSTGAAC TAIG3AACAG QSWDdTOC 850 

TOGITOZTCT TIUICEAICT TDCITCIGQC OCIGCICICT TQOCIGACIG 900 

IQUUUUL'l'lL' AQOOTAOCAA GTX33GCAATT OCTO3333CT TIAOCAT3TC 950 

ACCAATCATT QUUL'iAACIC GAGEATIGIG raOSAGOOSS OOGAID3QCAT 1000 

OCTOCACACT OJUGX331U1G TQOdTQOGfT TC333AG33T AA03QCT03A 1050 

GGTGTIGGGT G3033IGADC CXX3033IG3 OCAQCAG33A G33CAAACTC 1100 

QOCACAAOQO AGCTIO3A03 T3AIA303AT CIQCITGIOG G3AGO30CAC 1150 

OCTCB3CK3 G G0CCTCIM32 1QQ33GAOCT GIG3333TCT GICTTICITG 1200 

TIG3TCAACT GTTEAOOTTC TOTOQCAG3C GOCACTGGAC G AQ3CAAGA C 1250 

T3CAATTGTT C'JmUimUL' 0333CAIATA A0333TCATC G3ATG3CSIG~ 1300 

GGAIAIGATC A3X3\ACIG3T C0OTEA0332 AG03TTG3TG GTLAGCICAQC 1350 

TOCTO033AT G0CACAAGO3 ATCATO3ACA T3AIO30TG3 TOCICACTG3 1400 

GGAGTEOCIQ3 G3333ATAGC GTATTICIOC AIQ3IQ333A ACTQ3333AA 1450 

G3IOCIG3IA UlUL'lUL'iUL ' TATTTO0333 031030333 GAAAGCCAOG 1500 

TCA0033333 AAATO33333 O33AQ0AO33 ClUJJL ' i ' lUr TOGflCIOOIT 1550 

ACAQCAG333 OCAAGCA3AA CASOCAACIG ATCAACAOCA. A0333AGTIG 1600 

G2ACATCAAT AQCAO3330T TT3AATIQ3AA IWAfGXIT AACA03333T 1650 

QSTTAQCAGSJJL'lUriL'lAT CAACACAAAT TCAAClUriU AUJL'IUIULT 1700 

GAGAGGTIQG OCAGCIQOOG AOGULTiaGC GAT1T1ULUJ A033CIQ333 1750 

TOTTATCAGT TATQOCAAQG GAAQ333GCT OGAGGAA03C O30TACTO3T 1800 

G3CACEAO0C TOCAAGAOOT TGTGGCATIG TG0003CAAA GAQ0GTGIGT 1850 

G30Q033TAT AT1ULT1UAC T00CAQ000C GTD33T03I03 GAAOGAOOGA 1900 
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CAGGIC33GC G332CTAOCT ACAGCIQGGG TOCAAAIGAT ACCGftlGlCT 1950 

la STOC TE A CAACAOCAGG OCA033CIG3 GCAATIG3IT ajJl'lUltt O: 2000 

TGGA3GAACT CAACIGGATT CAQCAAAGIG TQ033AOCD3C GQJLTlUiUr 2050 

CAIOGGAGGG GTGGGCAACA ACAOCTIGCT CIQ030CACT GA T1U L T 1 U J 2100 

QCAAACAIOC GGAAGOCACA TACICIQ33T G3Q3CID333 TO0CIQ3ATT 2150 

acacccaggt GCArasiaGA ctaolujiat aggcitiggc aceatcctig 2200 

TACCATCAAT TACA02ATAT TCAAAGICAG GATCTACGIG G3AG333I0S 2250 

AQCACAG3CT G3AAQO330C TO2AACIGGA QGQ3GGQ0GA. AOGCIGIGAT 2300 

CIG3AAGACA G3GACAG3IC QGAQCICAQC (JOJI ' IUJIUJ TCTCCAOCAC 2350 

ACAGTGGCAG GICCITOOGfT GITCITTCAC GAO0CIG3CA OJLTIUIUJA. 2400 

GOQQOCICAT OCAUJ1CCAC CAGAACATIG T3GAQGIGCA GI2CITGIAC 2450 

G333EAG3GT CAAGCATOQC GICCIG330C ATTAAGI033 AGE&CGIUGI' 2500 

TCIOCIGriC CTICIGCTIG CAGACGQGOG OGICIGCTOC TGCTIGIGGA 2550 

TCA3GITACT CATATOCCAA QQQGAQ3QQG CTTTGGAGAA CCIDGTAATA 2600 

cicaa3gcag catocciggc qgggacgcac ggtcitgigt ottoctogt 2650 

gticticig c tti g osiggt atcigaaggg taggigggig gcqq3ag333 2700 

1ceao3q0ct ctaq333atc tggccictcc tccioticct gcig303tig 2750 

octcagg333 cataoqcact ggacacggag gig330333t cx3igiqg033 2800 

ggtigticit gtcg3^itaa tggogcigac tctcicgoca tatiacaagc 2850 

QCraaSOCAG CIGGIGCA3G T3GIGGCTIC ACTAl'l'l'lUl' GAOCAGAGIA 2900 

GAAG03CAAC TOCACGIGIG GUi'lLUULUJ CTCAACGTCC G333333333 2950 

GGAIGQQGTC ATCTTACTCA TCTCTGEAGT ACAOOOGACC ClUJimTIG 3000 

ACATCACCAA ACTACILXJIG GOCATCITCG GACOQCTTTG GATICTICAA 3050 

GOCA LrlTiU C TEAAAGIQOC CTACTIOGIG G30GTICAAG GOCnCIOCG 3100 

GA3CIQGQCG CTAQGGCG3A AGATAG003G AGGICATIAC GIGCAAAIQG 3150 

GCATCATCAA GYHPG3330G CTIACTGGCA. CCTAIGIGTA TAACCATCIC 3200 

ACOOCICTIC GAGACTGGGC QCACAAOGGC CIGCGAGATC 1GGCX33TGSC 3250 

TGIGGAACCA GTOSIC ITCT GOOGAAIGGA GACCAAGCIC ATCACGIG33 3300 

GQQCAGATAC OaOOGOGIGC GGIGACATCA TCAA033CTT GOOCGTCICT 3350 

GOXXJCAGGG GCCAGGAGAT ACIGCITGGG OCAGOCGAOG GAATOGICIC 3400 

CAAGGGGIGG AGGTIGCIGG OGOQCATCAC GGCGEAOGCC CAGCAGAD3A 3450 

GAGGOC'XOCT AGGGIGTATA ATCACCAGOC T3ACIGGO0G GGACAAAAAC 3500 

CAAGTGGAGG GIGAGGTOCA GATO3IGTCA ACTGCEAOOC AAAULT10CT 3550 

GGCAAO^rrcr:.jm^AaX3GGG TA3QCTGGAC T^ISEACCAC GGGGGGGGAA 3600 

OGAGGACCAT OQCATCACOC AAGGGIOCIG TCATOCAGAT GTATACCAAT 3650 

GIGGAOCAAG ACCTIGIGGG CIGGCOOGCT CCICAAGGIT GC03CICA3T 3700 

GACACQCIGT A0CTGGQ3CT OCICX3GACCT TTAOClGGfIC AOGAQ3CAGG 3750 

COGATGICAT TOGCGTGOGC: CGGOGAGGIG A3AGCAGGGG TAQCCIQdT 3800 
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^ggg^ OC^TIUJIA TCCIUJJJJo GIC03CTOIT 3850 

Givj.iu.a-U3 3 G3003IE T0333CTATT C203333333 GIGIGCAODC 3900 

GB33AGIG3T T3WK3333IG GACTITATCC CIGIG3AGAA CCEAQ33^CA. 3950 

AOCAIG&GAT CXXXX33IGIT Ca033aCaAC TCCIC'ICGAC CAGCAGIGOC 4000 

OCAGAGZETC C2G3TG3332 ACCIGCATOC: TO00333C 4050 

GCA02AaG3T 0333321033 raO33AG30C AQ33CEftCftA GJlUl'lUJli; 4100 

CICAACOOCr ClUri UL'lUC AAQGLVLUUJL' TITO3I0CIT ACaiGIDCAA 4150 

GITGAICCIA. ATKTCAGaC OQ333IGR13A ACAATEOZA. 4200 

CIQ32AQ332 CATCZCCTAC TOZftOTiaaS <33a2CTICCT TOG0GAO33G- 4250 

<±jJl<±Ji^fiG GAQ3IQCTI& TSOIMm ATITGIGAOG AGIQGCACIC 4300 

CAQ33MX3CX: ACAID2AICT TQ33ZATO33 CACIGICXTT GZOS^AGOG 4350 

Q333A GftCIG UnUlUL ' lLL? (X3CTXTftC CGCIO0333C 4400 

1O03ICACIG 1UiaXATO2 TAACA203?G G &J J Jl 'l UL ' lC TCIDCACCAC 4450 

OQGAGAGATC 03J1'1'1'.LA03 GCAftOGCTAT OCXXCTGGAG <3TGATCaAG3 4500 

Q333AAGftCA TCICAICTIC 1G0CACICAA OSAa2AQ3IC 4550 

QOOSCX SAAOr TQGTO33ATT G33CA3CAAT GCCGIG33TT ACTACCXXI3G 4600 

■lUTi ^AOSIG TCIGTCATCC 03303*3333 OGA LLUl'lUlU GI CU I UIUA 4650 

OGGAIQCIUT TITAQ33333 ACIT33ACIC Tv3T3ATAGAC 4700 

•TOCAACAOGT GTCTCACICA GACAGICGAT TICSGOCTIG AOOCEACCIT 4750 

T&OIATIGAG QX033CSQ3A TGCTG'lL'lUJ 4800 

GACIQ3CaG3 GQGASGDCEG QCATCIT^G A li ' l'iUlUJLA 4850 

0333333AQC G000CIO333 CA liUI ' lO^ C TXCTODG'lUL' TCIGIGAGIG 4900 

GOI'IUIUC'IT G3EAia=07T CAOQGOOXC GSGACEACSG 4950 

TgQ33rAQ3 AGOTTACAIG AACAQ33333 G X-'l ' lULJUbT GIQ3CftGGAC 5000 

CAICTTCAMr TITG33AG33 O3ICTITft03 Q333TCACIC Aa^TfiGKIGC 5050 

CDCAL'l'lTl'iA T33ZAGACAA AQGftGSGIGS GGSGMOTT OTTBOCIQS 5100 

AGOCAODGIG 1QGX'1!AQ33 CICAAGOOOC TOCCCCAim 5150 

T033AOZAGA. TITGAT033C CITAA£03ZA. QGC'ILVJ AL LUj 5200 

QOCAACAODC CTOTIATACA. GaCIQ33333 TGTICPGAAX GAAGIC&O0C 5250 

TGAraCAOOC AATCAOZAAA. TACATCAIGA. CA3X32ATOIC G3333ACCIG 5300 

v3A03TO3Tp^ C GAQdACCI G GG'IUL'ILLJIT 0333333102 T333IGCICT 5350 

Q3CCU.Vj.LftT TQCCT3ICAA C3¥33CTX333T QC?ICA33^3TG QSZAOSaTCG 5400 

'1 U1j.ijiv.v J33 GAA03ZQ3ZA. AITAIAOCIG TCICEACX3G 5450 

Gftiji iudATG AGAT33AAGA. G I GC ' lL ' lUA G CfiCITRCaST 5500 

AG33MJ3^G CT032TGAGC AGTTICA^OC?. -G?\*G3333IC Q30CICC1U2 5550 

AGA03333TC <333DCAIQCA GAG3TMCA C OlClUL ' lUr 03AGft(3CAftC 5600 

TO33AGAAAC TCGAG3TCIT TIG3333AA3 CACATOIQ3A ATTICATCaG 5650 

T333ATACAA. TACTIQ3333 GOI'IGIUWZ QC7IQ33IG3T AACOZOQCCA 5700 
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GGEA1GACIA 
ArrrriCACA 
QCAAGGQCTT 
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CIOaOCTGAC 
TGGQGQGCAA 
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AOCIGGAGAA 
TGIGGGQQOG 
CCIGACEACG 
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AAUCAADOCT 

GGGQGGGOGT 
QCATOQGQQC 
TGATGGTOGA 
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ACAGGIQGGG 
CAIATIGGGG 
CIQ3GITIGT 
CIQGGGAAQG 
GGGAQGICIT 
AGGAOGTGGT 
GTOGGIGIQG 
QGGGGCAGTG 
ALCALLUITIU 
GTCACIGOCA 
GCATCAGIQG 
TAAGGGACAT 
TGGCTGAAAG 
CTQOCAGOGC 
CIOQGTQQGA 
ATCAGGATOG 
OODCATEAAC 
ACIAIAAGTT 
AGGOGGGTGG 
TAAATOGOOG 
GQGTQGGOGT 
GAGJEA1HJAT 
AGCTIQGGAG 
AIOGL'IUGCA 
TCAOOOOGTT 
TCTCAAQ3CA 
TAGAGGCTAA. 
GTIGAGTCAG 
GGGAGAGGAG 
AGICK3GGAG 
AAOGOGOOGC 
GGIOCAIGGC 
CID33AAAAA 

TADGGGOGAC 
OOOOGGACIC 
GAQOCTGGGG 
TGGGGOOGAC 



TCAQGAGGOG 
GGGTGGGIGG 
GGGIG L ' lUG C 
TCCIOGIQGA 
GIAGGATICA 
CAATCIQGIG 
TCIGOGGAGC 
CAAIGGA3GA 
OGOGAGGGAC 
TACTCAGCAG 
ATAAGCUGGG 
CIGGGACTGG 
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GGGTAnSGGG 
CIGIGGAGCT 
TO3GIDCTAG 
GOCTACAOGA 
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TGGCAGAICC 
ACACAGGnT 
TCAGAGTAGG 
GGGGAAQGGG 
TA3ZAACAGCA 
CimUGJCAG 
ACnGGAOGG 
OGTOCTGIGG 
AGAACAAAGT 
GAIGAGOGGG 
ATIDGGGOGG 
TAGIEGAGAC 
TGGOGGGTAC 
GGGTAGGGIG 
TTnnGAOGAA 
AATAOGACAA 
OGAOGTIGAG 
ATOOGGATGT 
AGGGAAGATG 



ACTAAOGACT 5750 

CIGGGGAGGT 5800 

CEAGGIGGGG 5850 

CATICITGGA 5900 

AGATCA3GAG 5950 

OGOGGCATOG 6000 

AATACIGGGG 6050 

AOGGGGIAAT. 6100 

TAOGIQGGGG 6150 

OGTGACIGEA 6200 

AGIGTAOGAC 6250 

AIAIGGGAGG 6300 

GGGACAACIG 6350 

GGGTCIQGGG 6400 

GAGAICACIG 6900 

GAOGIGGAGG 6950 

GGGGOGGGIG 6550 

AGGGIGICIG 6600 

CIAOGIA2CG 6650 

GGGGOOGCIT 6750 

ACTQCAGGAG 6800 

AOGTAQGGGT 6850 

GAGGGGGOOG 6900 

C iOl'iajGLT 69_5_0 

GGAAOGAIGA 7000 

AGGGAGGAGA. 7050 

GGIGATICIG 7100 

AGGTCroOGT 7150 

GGGGIQQGOG 7200 

GIGGAAAAAG 7250 

CAOGICXZAOG 7300 

GICCICAOQG 7350 

AAGTinGGG 7400 

CATGGICIGA 7450 

TGCEATIdT 7500 

CAGGGADGGG 7550 

'lUJIUiGGIG 7600 
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CICAAIGICT TBTiaCIQSA CAGG332ACT OGflCAOOOOG TQGGCIQ033 7650 

AAGAACAAAA ACIGOOCATC AAGGCACIGA QCAAL'lULalT GCIACGOCAT 7700 

CACAAICIGG TGTATTOCAC CACTICAOGC AGIQCCTQOC AAAGGCAGAA 7750 

GAAAGICACA TTIGACAGAC TQCAAGTTCr G3ACAQOCAT TACCAGGA03 7800 

TGCICAAGGA GGICAAAGCA GOGGOGTCAA AAGIGAAGGC TAAL.T1UL'1A 7850 

TCX33TAGAG3 AAULT1UUAG 0CIGAO30GC (XACATICAG CCAAAIOCAA 7900 

GTriUUL'UAT GGGGCAAAAG A03I033TIG OCAIOGCAGA AAGGQ33TAG 7950 

OOCACAICAA CI033IGIG3 AAAGAGCTTC TQ3AAGACAG TGTAACAGCa" 8000 

ATAGACACIA C3CA3CA3X33C CAAGAAGGAG GTITICIG03 TICAQOCIGA 8050 

GAAGGGSGGT OGIAAGOCAG CIOGICICAT GGIGfTICOOC GAOCIQ930G 8100 

T3GGCGIGIG CGAGAAGATC GUUL'IUJAOG AOJIUJITAG CAAGCTCCCC 8150 

CTG3333IGA TOGGAAGCTC CIA03GATIC CAATACICAC CAGGACAQQG 8200 

GGTIGAATIC CIDGTCG2AAG OGTGGAAGTC CAAGAAGAGC 0QGA1QQQ3T 8250 

TCTUGTAIGA TAOCOQCIGT TITCACTCCA CAGTCACIGA GAGOGACATC 8300 

03EA033AQ3 AQGCAATrTA GCAAIGTIGT GAGCIGGAGC OOCAAGOOGG 8350 

OGTGGOCATC AAGTCOCICA CTGAGAGGCT TEAIGTIG3G Q3 CCC1LT1A 8400 

OCAATICAAG GGGGGAAAAC TOGGGCTACC QCAGGTGQCG 030GAGD33C 8450 

GTACTGACAA CTAGCIGIGG TAACACGC1C ACTTOCTACA TCAAGGOCOG 8500 

QQCAGCCIGT GGAGOCGCAG G3CTOGAGGA CTGCADCATC CTCGIG1U1G 8550 

QOGAGGACTT AGTGGTTAIC TGTGAAAGTG G3GGGGICCA QGAQGAOQQG 8600 

GQGAQGCTGA. GAGGCTICAC GGAGGCTATC ADCAGGTACT GOGOOCOOQC 8650 

GGGGGAGGOC GCACAADCAG AATAOGACTT GGAGCTIATA ACATCAJGCT 8700 

CCIOCAAOGT GICAGTOGOC CA0GA03GO3 CTGGAAAGAG GGICTACEAC 8750 

CTTAOOOGTG ACGCTACAAC CQQQCI03DG AGAGQCGCGT G3GAGACAGC 8800 

AAGACACACT CCAGTGAATT OCIGGCEAGG CAACATAATC AltaTlTTOGOC 8850 

QCACACIGTG GGQGAGGA1G ATACIGAIGA GQCATTTCIT TAGOGTCCIC 8900 

ATAGOCAGGG ATCAGGTIGA ACAGGL'IL'IT AAC1G1GAGA TCEAG3GAGC 8950 

CTGCTAGTCC ATAGAAOCAC TGGAICEAGC TOCAATCATT CAAAGACTCC 9000 

ATO3GCICAG CGCALLTi'lCA CIOCACAGIT ACICICCAGG 1GAAAICAAT 9050 

AGGGTGGOGG CA3GOCTCAG AAAACTIGGG GTOC030CCT TQGGAQCTIG 9100 
GAGACAC03G GCO33GAG0G T00GOGCEAG GCTICIGICC AGAGGAG3CA 9150 
GGGCIGGCAT ATCIG3CAAG TAOCTCTICA ACTGGGCAGT AAGAACAAAG 9200 
CICAAACTCA CTXXAATAGC QQOGGCIGGC OGGCT3GACT TGTOOGGTIG 9250 
GTCCAGGQCT QGCTACAGOG GQ3GAGACAT TEATCACAGC GIGTCICAIG 9300 
CQ03G000DG CIGGTICIG3 TITIGGCTAC TOCIGCIOX: T3CAG33GTA 9350 
GGCATCTAGC TGCTOQOCAA COGAIGAAGG TIGGGGTAAA CACTOQQ3GC 9400 
TCTEAAGCCA TTIQCTGTIT TlTi'lTi'I'lT TITITTITIT TITITCITIT 9450 

TnTnrciT tccttigcit cmTTTroc titgtttitc ccnurnAA 9500 
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TOGIQQCIOC ATCirAGOQC TAGICACQ3^ TAQCTCIGAA AQSICOGIGft. 9550 
GOCG2A2GAC TO2AGAGAGT QCIGATACIG QOCICICIQC AGATCATCT 9599 
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MSINEKFQPK 1KRNINRRPQ EVKFB3332I VGGVYTTiPRR GPRLGVPATR 50 

KISERSQERG RRQPIPKARR PEGRIWAQPG YEWPLW23EE OGWAGWLiSP 100 

RGSKPSWGPT DERRRSRNDS KVIDTLTOSF AtOGOTLV GAPL/33AARA 150 

LAB3VRVLED GVNYA1GNLP QCSFSIFLLA LLSCLTVEAS AXQVRNSSGL 200 

YHVINDCFNS SIVYEAADAI LHTPGCVFCV RB3SASRCWV' AVIPTVAIRD 250 

GKLPTIQIRR. HIDLLV3SAT LCSALYVGEL OGSVFIM3QL FIFSPRRHtfT 300 

1QDCNCSIYP GHITG3RMAW EM^NWSPIA ALWAQLLRI PQAIMEMIAG 350 

AHWGVIA3IA YFSMVGNWAK VLWLLLEAG VDAEIHVTGG NAGKTEAGLV 400 

GLLTP3AK£N IQLIN3NGSW KENSEAIIOJ ESLNIQWLAG IFXQHKENSS 450 

G2PERLASCR RLTEEAQGWG PISXAN3SGL EERPYCWHXP FRPOGEVPAK 500 

SVCGPVYCFT PSPWVUl'lL) RSGAPTYSnJG ANDIDv/FVLN NIRPPLGN/F 550 

GCIttMNSIGF TKVOGAPFCV IGGUSMSTTLL CFlLUrKKHP EA1Y5RGGSG 600 

PWITPRCMVD YPYFJJWHYFC TINYTIFKVR MYVG3VEHRL EAAOSWIH2E 650 

RCDLECFEeS ELSELLLSTT QWQ7LPCSFT TLPALSIGLI HLH3MEVEWQ 700 

YLYGVGSSIA SWAIKWEYW ULF IIXA DftR VCSCXJAMyflX I9QAEAALEN 750 

LVTLNAASLA GflKSLVSETLV FTCFAWYLKG RWVPGAVXAL YGMWPIIJJJL 800 

IAU=QPAXAL DTEVAASGGG VVLVGLMALT LSPYYKRYIS VOIMDQYFL 850 

1RVEAQLHVW VPPLNVRGGR HPTLVFDITK T.T.T AlirGFLW 900 

HjQASLuLKVP YFVRVQSLLR ICALARKIAG GHYVCMAIIK LGAL/IUTYVY 950 

NHLTPLRDWA HN3LRDLAVA. VEPWFSRME TKLITWGADT AAGGDIINGL, 1000 

FV5ARRGQEI LLGPADGMVS KGWRLLAPIT AYAQQTRGLL GCIITSLT31 1050 

DKNGVEGEVQ WSIATQIFL ATCINGVCWT VYR3AGTRIT ASPKCPv/IO* 1100 

YINVEQDLVG WPAPQGSRSL TPCTGGSSDL YLVTRHAEVI PVRRRGDSRG 1150 

SLLSPKPISY LKGS9GGPLL CPAGHAVGLF RAAVCIPGVA KAVCFIFVEN 1200 

LGTIMRSPVF TENSSPPAVP QSFOVAHLHA PTGSGKSIKV PAAiAAQGYK 1250 

VLVLNPSVAA TLGFGAXMSK AB3VDFNIRT GVKTITIGSP ITXSTXGKEL 1300 

ADGGCSGGAY DIIICDEEHS HAIS3U3IG TVLDQAEEAG ARLWLATAT 1350 

PPGSVTVSHP NIEB/ALSIT GEEPFYGKAI PLEVIKQGRH KEECHSKKKC 1400 

DELAAKLVAL GINA.VAYYRG LEVSVIPT93 DWWSIDftL MIGFTGDFDS 1450 

VIDCNICVIQ 1VDFSLDPTF ITEITrLPQD AVSKIQRRGR T3FGKPGIYR 1500 

FVAPGERP9G MFDSSVLCEC YDAQCAWYEL TPAETTVRLR AYMNTTPGLPV 1550 

CQEHLEFWEG VFIGLTHEDA. HFLSGTKQ93 ENFPYLVAiQ ATVCAFAQAP 1600 

PPSWDCMrtKC IjTRLKPTLHS PTPLLYRLGA VQsEVHjTHP ZEKJOMICMS 1650 

ADLEWTSIW VLVGGVIAAL AAYCLSIQCV VIVGRIVLSG KPAIIPEREV 1700 

LYQEFDEMEE G9QHLPYIEQ GMMLAEQFKQ KAIGIXOTAS RHAEVTTPAV 1750 

QINWQKLEVF WAKHMANFTS GIQYLAGLST LPGNPAIASL MAFTAAVISP 1800 

T.'i-it jfjn J.FNT HJQQWVAAQL. AAPGAAIAFV GAGLAGAAIG SVGLGKVLVD 1850 

ILAGYGAGVA GALVAFKEMS GEVPSTEDLV NLLPAILSPG ALWGWCAA 1900 
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ILRRHVGFGE GAVQC^MNRKE AFASRQUHV5 PIHWPESDA. AARVIAILSS 1950 

LTVTQLLRRL H2WISSHTIT PC9GSWERDI WDWICEVLSD FKIWLKAKLM 2000 

PQLPGIPFVS QQRGYRGVWR GDSIMECPCH GGAKTIGHVK NCTMRIVGER 2050 

TCRNMoSGflF PINAYTIGPC TPLPAPNYKF ALWRVSAEEY VEIRRM3DEH 2100 

YVSGMTIENL KCPCQIPSPE FFIELDGVRL HREAPPCKPL LREEVSFRM3 2150 

LHEYPvGSQL PCEFEFDtfAV LTSMLTDPSH rEAEAAGRFL ARGSPPSMAS 2200 

SSAS2LSAPS I1<ATCEANHD SPDAELJ32AN LUWRQEM33N ITKVESENKV 2250 

VUXSEDPLV AEEDEREVSV' EAEHRKSRR EARALPVWAR PDXNPPLVET 2300 

WKKPDYEPPV VHXPLPPPR SPPVPPPRKK RIWLTESTL SEALAELATK 2350 

SPGSSSISGI TC3ZNTTTSSE PAP9QCPPDS DVESYS3tfPP LEEEFGDPDL 2400 

SDGSWSTVSS GADTETWO: SMSYSWIGAL VTPCAAEECK IPINALSNSL 2450 

LRHHNLWST TSRSACQRQK KVTFIRLQ7L DSHYCP^IKE VKAAASKVKA 2500 

MJLSVEEACS LTPFHSAKSK P3YGAKCWRC HARKAVAHIN SVWKDLLEDS 2550 

VTP lUl'l'lM A KNEVFCVQPE KGGRKPARLI VFPDLGVRVC EKMALYDWS 2600 

KLPLAVM3SS YGFQYSPGQR VEFLVQAWKS KKTPM3FSYD TRCFDSTVIE 2650 

SDIETEEAIY QQCDLDPQAR VAIKSLTERL Y\^3SPLTNSR GENQGYRRCR 2700 

ASGVLTT9QG NTLTCYIKAR AACRAAGLQD CIMLVQGCDL WICESAGVQ 2750 

EDAASLRAPT EAMIRYSAPP GDPPQPEYDL ELTTSCSSNV SVAHDGAGKR 2800 

VYYUIRDPTT PLARAAWEEA RHTPVNSWLG NIIMEAPILW ARMTTMIHFF 2850 

SVLIARDQLE QAIWZETYGA CYSIEPIDLP PIIQRLH3LS AFSLHSYSPG 2900 

EINRVAACLR KD3VPPLRAW RHRARSVRAR LLSRGGRAAI GGKYLFIWAV 2950 

RTKLKLTPIA AAGRLDLSGW FTAGYSGGDI YHSVSHARPR WFWFCLLLLA 3000 

AGvGIYLLPN R 3011 
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GOCAQOCOCC TGAIQ3333T GACACKTAC OOGAATCAC TOOOCIGIGA 50 

G3AACTACTG TCTICAOGCA GAAAQOGICr AGOCArGGOG TEAGTATGAG 100 

TCIGGIGCAG QCIGCAGGAC CXXXXXZ3QDC GGGAGAQQCA TAGIGUIUIU 150 

OGGAAOGGGT GAGTACACOG GAATIGGCAG GAOSAOOGGG TOCTTICTIG 200 

GATCAAC003 CICAATOOCT GGAGATTTGG QOGTGOCDDC GCGAGACIGC 250 

TAGOOGAGTA GTGTIG3G1C GOGAAAGGCC TIGTGGEACT GXTCATAGG 300 

GIGCTTGOGA GTGCGCOGGG AGGICIOGCA. GAQCGTGCAC CATGAGCAGG 350 

AATGCTAAAC CTCAAAGAAA AACCAAAGGT AACAOCAAGC GCOSGQCACA 400 

GGACGIGAAG TICG0333GG GIGGICAGAT OGTIGGIGGA GITIAOeTGT 450 

1QCOGOQCAG GGGOOQCAGG TIGGGIGIGC GOGOGACTAG GAAGGCTrQC 500 

GAGOGGTGGG AAGCTGGTGG AAGGOGACAA GCTATOOCAA AGGCTOSOOS 550 

ACCOGAGGGC AGGGGCTGGG CICAG00033 GTAOOCTIQG 03GCICIA2G 600 

GCAATGAGGG CCTGGGGIGG GCAGGATGGC TOCIGIGAQC OQGOGQCTOC 650 

CGGOCTAGTT QQGGGOOCAC GGAGGQOGGG GGTAGGI03C GTAACTTGGG 700 

TAAQGTCATC GATACOCTEA CATGGGGCTT GGOOGATCIC AIGGGGEACA 750 

TTCGGCTOGT QQQQGGQQQC CTAGGGGGOG CIQQCAGGGC CTIQQCACAC 800 

GGTGTGGGGG TTCTGGAGGA CGGQGIGAAC TAIGGAACAG GGAACTTGOC 850 

COGTTGCTCT TICTCTATCT TCCICTTGGG TCIQCIGIGC T3TEIGAGCA 900 

TCCCAGCTTC CGCTEA3GAA GIGQGCAAGG TGIOOGGGAT ATAOCAIGTC 950 

ACGAAGGACT GCTCCAACTC AAGCATIGIG TA1GAGGCAG Q3GAOGTGAT 1000 

CATGCATACT GOGGGGTGOG TQOOCTGIGT TCAGGAGGGT AACAGCTCCC 1050 

GTIGCTGGGT AGGGCTCACT COCAGGCIOG GGGCCAQGAA 1Q0CAQQGIC 1100 

CCCACTACGA CAATAGGAGG CCAOGTD3AC TIGCIDGTTG GGAGGQCTGC 1150 

TTICTGCTGC GCTATGTAGG T3GGQGA3CT GTGOQGATCT ATITI GCTOG 1200 

TCIGGCAGCT GTICACCTTC TCX30CIO30CjGGCA3GAGAC AGIQCAGGAC" 1250 

TGCAACIGCT CAATCTATDC GGGGCA3GTA TCAGGTCAGC QCAIGGCTIG 1300 

GGATATGATG AT3AACTGGT CAQGTACAAC AQQQCEAGIG GIGTOQCAGT 1350 

T3CTGQGGAT GCCACAAGCT GTOGTGGACA TGGIG3GGGG GGQQCACTQG 1400 

GGAGTGCTGG OQGGQCrTGC CTACEATTOC A3GGTAGGGA ACTQQGCTAA 1450 

GGTICIGATT GTGGOQGTAC TCTTIGQQGG G3TIGAGGGG GAGAGOCACA 1500 

CGADGGGGAG GGIGGOOGGG CACACCAOCT 0QG3GTTCAC G1UULT1T1C 1550 

TCATCIGGGG GGICICAGAA AATOCAGCTT GIGAATAQCA AOGGCAGCTG 1600 

GCACATCAAC AGGACTQQOC TAAATIGCAA 1G ACTOGC IC CAAACIGGGT 1650 

TCTTIQQQQC GCIGTETEAC GCACACAAGT TCAACTOGIC OGGGTGOOOG 1700 

GAGQGCATGG QCAGCIGOGG GOCXZATIGAC TGGTTOGOGC AGGQSTGGGG 1750 

CCCCATCACC TATACTAAGC CTAACAGCTC GGATCAGAG3 OCTTATIQCT 1800 

GGCATTAOQC GCCTGGADCG TGEGGIGTQG TAQGCQGGTC GCAGGTGTGT 1850 

GGTOCAGTGT ATTGTTTCAC COCAAQOOCT GTTGTGGIGG GGAOCAOOGA 1900 
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lOSnOOQST GTXXT'IAOGT ATAQCTTG333 GGAGAA1GAG ACAGA03IGA 1950 

T3CTCCICAA CAACA0303T CCGZCACAAG QCAACI03IT CX3GC1GEACA 2000 

TOSA3GAA3A GEACIQ33IT CACTAAGA03 TG093AQ3IC (XJOGGIUIJAA. 2050 

CA.TO333333 GTOQCTAAOC GCALXJl'lGftT CIG00CXAO3 GACIQCTiaC 2100 

QGAAQCAOOC OGAGXraCT TACACAAAAT GIG3CTOQ33 GXCIG3TIG 2150 

ACAOCTAGGrT QDCHAGIAGA CIAOCCAnAC AQ3CTra33C ACTAOCIX'IG 2200 

CACICICAAT TlTlU CftTCr TTAAQGrTIBG GATCIMX3IG G333G33IG3 2250 

AQCACAQ3CT CAAIGOOaCA. TOCAAIIGGA. CIOGAG3AGA G33ZIGIAAC 2300 

TIQGAQGACA GQGAIAQ3IC AGAACICAGG OOQCIGCIQC: TCICEO^C 2350 

AGAGIQ3CAG A33OGC30CT GTOCTTICAC CftGOCHTODG GZTITA3QCA 2400 

CIQGTTIGAT OCATCIOCAT CAGAACATCG TOGAOGIGCA AIAOCIGEAC 2450 

GGIGIAQ33T CAGDJl'l'lUl' CTOJl'l'lUCA ATCAAAIQ33 AGTDOflOCT 2500 

GnGcrrnc cticidctqs cagacqoqos ggtcigiqoc tqctigiqsa. 2550 

T3AIQCIGCT GAIAGQOCAG QCIGAG3003 OT7IAGAGAA CTIOGIQGIC 2600 

CTCAAIIQ033 03IOCX3IQ3C Q33AGD32AT QCTATICICT CUl'l'lUl'lUl' 2650 

GTICITCIGC GD030CTOGT ACATTAAG33 CAQ3GIQ3GT OCT39330QG 2700 

CGTAIQCTIT TTATOGQGIA TO3003CIQC TXX'IGCTCCT ACT330GT3A 2750 

CCACCAQGAG CITAOGGCIT G3A0033GAG ATO9CIQCAT 03TOCQC3333 2800 

Tooosncrr gtaggjicigg tatictigac Cl'lUlLACCA TACEACAAAG 2850 

TCTITCICAC TAQ3CICATA AAIACTTEAT CACCAGAQCC 2900 

GAGQCQCACA T3CAAGT3IG QGTOQQOQQC CICAAOGTIC G333AQQOQG 2950 

CGATOCCATC ATCL'lUl'lCA OGK3IQCX3GT TCATCCAGAG TTAATTITTG 3000 

ACATCAOCAA ACTCCIGCIC G0CATACIO3 GQ0O3CICAT Q3IQCIQCAG 3050 

GCTO3CAIAA G3AGAGTQQC G3ACTIOGIG Q33XTCAAG G3CICATI03 3100 

T3CATGCAT3 TTAGIQOGAA AACTOQCQQG Q33ICATTAT GKXASAT33 3150 

TCITCATCAA GCT399QQQG CIGACAGGTEA G3IA0GTITA. TAACCATC3T 3200 

AOQOCACIQC G3GACIQQQC OCAOQCX3Q3C CEAOGAGAGC TIQOQSIQQC 3250 

Q3EAGAQQQC GIOSICITCr CQ3CXATO3A GAGCAAQ3IC ATCAXTO33 3300 

GAGCAGACAC CQCIG03TGT GQ3GACATCA TCTIQQSICT AO00GICIOC 3350 

GC0CGAAGQ3 GGAAGGAGAT A1TJ.T1U33A C033CIGATA GIUIC3AAGG 3400 

GCAAGGGTGG OSACIOCTIG OQQQCATCAC GGOCTACIOC CAACAAAQQC 3450 

Q3Q3CCTACT TOGTIGCATC ATCACTAGQC TCACAG300G GGACAAGAAC 3500 

CAGGTOGAAG GGGAGGTICA AGTGSITICr AQOQCAACAC AAI1UJ.T1ULT 3550 

O30GAOCIGC ATCAAOGGOG TGIGC'IGGAC TJIU'i^DCAT G3CXXTO3CT 3600 

CGAAGACOCT AGOGGGKXA AAAGGIOCAA TCACOCAAAT GTACAOZAAT 3650 

GTAGAOCK33 ACCTDGIQGG CIGGCAGG33 COOOOQQGQG OQOQCICCAT 3700 

GACACCATGC AQCIGTQGCA GCTO33ACCT TTACl'lGGIC A03AGACATC 3750 

CTGAT3ICAT TOOCXHOOQC OGGOGAGGOG ACAGCAG33G AAGICTACIC 3800 
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TQOCGCI&GC OOGICTCCTA QCIGAAAGGC TOCTO333IG GICCATIQCT 3850 

•noaXTTCG QSQCaOSIOG TGGGUU1U1T C0333CH3CT GIGIQCAOOC 3900 

G3333JKX3C GAAGG033IG GACTICATAC O03TIGAGIC TAIGGAAACT 3950 

AOCATG033T CIOCG3ICIT CACAGACAAC TCAAOaOOOC C3GGCIUUADC 4000 

QCAGACATIC CAAGIGGCAC ATCKGCAOGC TOCTACIGGC AQOC33CAAGA 4050 

QCAOCAAAGr G0033CIG33 TAIGZAQCCC AAQ33IACAA GQI G C' l Uj l U 4100 

CIGAAQOOGT (JULfl'lUUUUC CA LL.T11A Q33 TTIGGGGOGT A3 KIU1UL& A 4150 

GGCACA03GT ATCGAOOCIA ACATCAGAAC TGGGGTAAGG ACCATTAOCA * 4200 

OQ03O33CIC CATIJ03IAC TDCACCIATC GCAAGT1ULT TG333AG33T 4250 

GGCIGTICIG GGGGCGOCm TGACATCA3A AIATCIGA1G AGIQCCACIC 4300 

AACIGACI03 ACIAOCATCT T33GCAI03S CACAGTCCIG GAOCAAGQGG 4350 

AGAQ33CIGG AGOQOGGCIC GTOGflGCTCG GCAO03CIAC AOCHXXX393A 4400 

TO33ITAC03 TO3ZACA00C CAATATO3AG GAAATAG33T TCIOCAACAA 4450 

TGGAGAGATC COLT1C1MG GCAAAGOCAT CQOZATIGAG QQCATCAAGG 4500 

G3G3GAG3CA TCIXZAli'l'luC TX3C3CATICCA AGAAGAAA1G TGAOGAGCIC 4550 

GGG3ZAAAQC TGACAG3QCT OGGACIGAAC GCICTAGCAT ATIADQQQQ3 4600 

CCTIGA'IGIG TCQGTCATAC O30CEATOQG AGAOGTOGIT GTOGflGGCAA 4650 

CAGACQCIUT AAIGAQQGGT TTCA033333 ATITIGACTC AGIGATOGAC 4700 

T3CAATACAT GIGICACCCA GACAGID3AC TICAQCTIGG ATCOCACCIT 4750 

CACCATIGAG AQGAOGAOCG TGOOOCAAGA O303GIGTO3 Q3CIOQ2AAC 4800 

G303AQGTAG AACIQ32AQG GGTAQGAGIG QCATCEACAG GTTIGIGACT 4850 

OCAQGAGAAC GGGQGKX33G CA3GTIC3GAT 1CIT03GIO2 1GTGIGAGIG 4900 

CTATCAO30G GQCIGTGCTT GGTA3GAGCT CACQDOOGCT GAGAQCI033 4950 

TTAGGTIGQG GQCITAOCIA AATACAOCAG G3TIGQ00GT CIGGCAGGAC 5000 

CAICIGGAGT TUIGGGAGAG QGICTICACA GGQCICACGC ACATAGA2GC 5050 

CCACTIOGIG TQOCAGACTA AACAG3GAG3 " AGACAACTTT OCTTACCIG3 5100 

TG32ATATCA AGCTACAGIG TGOQOCAQGG CTCAAGCTOC AOCIGCATOS 5150 

TGGGAOCAAA T3IGGAAGIG TCICATAD3G CTGAAACCTA CACIGCAOGS 5200 

GOCAACAOOC CIX3CIGEATA GGCEAGGAQC OGTOCAAAAT GAGGICAIDC 5250 

TCACACAOCC CATAACEAAA TACATCAIGG CAT3CAIGIC GQCIGAOCIG 5300 

GAQGIGGICA CTAGCAOCIG GGIGCIGGTA G903GAGTOC TTOCAGCTIT 5350 

G300QCATAC TQOCIGAOGA CAQQCAGIGT GGICATIGTG GGCAQGATCA 5400 

TCntSroCQG GAAQOCAGCT GIDGTIOOOG ACAGQGAAGT OarTAQCAG 5450 

GAGITOGATG AQAT3GAAGA GIGIGOGICA CAASFPS3IT ACATOGAGCA 5500 

GQGAATOCAG CKX300GAQC AATICAAQCA AAAQ30QCIC GGGTIGTIGC 5550 

AAAOQQQCAC CAAGCAAGCG GAG3CIGCIG CTQQCGTGGT G3AGTCCAAG 5600 

TGQOGAG0CC TTGAGADCIT CIQG3QGAAG CACATGIQGA ATTICATCAG 5650 

CQGAATACAG TAOOTAGCAG GCITATCCAC TCIQQCIQGA AACCOQQCGA 5700 
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GATO3CAT3T 

TOcrornsA 

AQOQCIG3JT 
CAG2ATAQ3C 
CAG333IAQC 
CXX7ICCAOCG 
1QCXX1Q3IC 



TO333333IA 

TGAAG333ZT 
G3CICX3IQ3C 
CTICAAGAOC 
CTTIOCIGIC 
ATCA3QCAAA 
AAA033TIDC 
A0G3AA0GIT 
O0Q3OC3O0CA 
OC3IG3AG3IT 
CIGACAADGT 
GAQGIOSATC 
TCTAOQ3GAG 
G3I03CAGCT 
ATQCICAQQG 
G9C3AGAQG3 
CIGOQOCTIC 
GZ7IGAQCICA 
CATCACTCX3C 
AAGQQLTILA 
ATQCTQOGAA 
CQCX3GACTAC 

TCQcrocQGrr 

ATAOCAOCIC 
GflCTICIQOC 
OGTCGGOCGT 
GAOGAQQGfIG 
GLT1UAAGQG 
OQGTCAGTCA 



ACAGCITCIA 
CATCTIQ333 

CAGzrnosr 

CTIC33SAAQG 
OC3333CACIC 
AG3AOCIQC3r 
GKX3333IOG 
QQQQ3CIGIG 
ACCACGICIC 
GICACICAGA 
0CA0CAGIO3 
TAAQaSAIGT 



ATOGCAAQ32 
CCACCIOOOC 
ATCAQ3ATO3 
CQOCATCAAC 
ACIATIGCAG 



AAAGIQQOCA 
GAGIGCGoTT 
GACCTCAOCT 
COCATO33AG 
ATOQCKXXA 
TCIOQOQQCT 
TITCAAG3Q3 
TCGAQ30CAA. 
GflQGAGfTCAG 
QQ033AQ3Q3 
AATCCAQGAA 
AATCCIOCAC 
GGTEACA03GA. 
CAQ33AGAAA 
TIQ3CGGAGC 
T3ATAG039C 
ACAAAGGATC 
GAG00GG333 
QGAQQC3AGT 



TCACTAQXC GZICACEACC 5750 

G3A1QQGIG3 CIQOOCAACT 5800 

G3303303QC ATOQOCX3GAG 5850 

IQCflOGflGGA CALLTIUQOG 5900 

GIGOGCmA AG3ICAIGAG 5950 

CAACTEACIC CCIGDCATOC 6000 

TCIQ332AGZ AATACIQ33T 6050 

CAGIQ3AIGA AOCX33CIGftT 6100 

OCCEA032AC 13flX3IQaCIG 6150 

TOCICIC33AG GCTIAOCAIC 6200 

ATIAftlGftOS ACIG^ICEAC 6250 

TTQQ3ATIQ3 ATATOCA03S 6300 

OCAAACIXXT Q0aXX33Tm 6350 

G33TACAAQ3 GAGICIQ303 6400 

AT3033AQZA CAGATCOXG 6450 

TAQ33QCEAG AAOCTOCAQC 6500 

GCAIACAOCA OQ3GAQCTIG 6550 

GQ0QCTAIQ3 G933TQ3CIG 6600 

G3GftLLTlUCA CIAQGIGACG 6650 

TQ0CAQ3ITC O3330030GA 6700 

GCACAGCJEAC GCTO0G333T 6750 

T3CAGSID33 QCICAAQCAA 6800 

QOQGAAOOGS AQGTAACAGT 6850 

CATTACAQCA GAGAQQQCEA. 6900 

CimftOQCAG CICA3CAGCT 6950 

ACAIQCACIA. COCAQCATCA. 7000 

0CTCITGIG3 OQ3ZAG3AGA. 7050 

AGAATAAQ3T AGIAATICIG 7100 

GA3GAGAQ33 AGATATCOGT 7150 

GTTOQQCTCA G33TIQ3CCA 7200 

TOCHAGAGIC CIQSAAG3AC 7250 

TQOCX2AT3X3C CAOC3AOCAA 7300 

GAGGAOGGIT G1CC1GACAG 7350 

TD33ZACTAA GAJXT3XX33T 7400 

AOQQOGAOOG OOCTIDCIGA. 7450 

GGAOGfTIGAG TO3TACICCT 7500 

AQQQOGATCT CAG0GA0Q93 7550 

GAGGAIGIOG 1CIQCTQCTC 7600 



FIG. 7D 



.mzmmmmo o 3 dec 2001 * 





WO 00/75337 



HC-J4 



10/ 009002 

PCT/US00/15293 



10 20 30 40 50 

17.34567890 1234567890 1234567890 1234567890 1234567890 

AATCIOCTAT AQGTD3GACAG GOGGCCIGAT CAOaXATOC GCK3033M3G 7650 

AAAGEAAGCT GOOCATCAAC CCGTIGAGCA. ACTCTITQCT GCGICAGCAC 7700 

AACATO3IUT ACGOCACAAC ATOaOGCAGC GCAAGOCTOC G3CAGAAGAA 7750 

GGICACCTIT GACAGATIGC AAGICCIGGA. TCAICATEAC OaGGAOGEAC 7800 

TCAAQGAGAT GAAGGOGAAG G03TCCACAG QCTICTATCT 7850 

AafcGAQSAGG (XTO2AAGCT GACGCCCCCA CATiaGGOCA AAIQCAAATT 7900 

-IQGCI3OT333 GCAAAGGAOG TO03GAAOCT A1CCAGCBG3 GOOSmAOC 7950 

ACAIOCGCIC GGTGIGGGAG GACTIGCIGG AAGACACIGA. AACAGCAATr 8000 

GACACCACCA 1CA3GGCAAA AAGIGAGGIT TICEGCGIDC AAOCAGAGAA 8050 

GGGAGGGOGC AAGOCAGCIC QULTJLWiCGT ATIOXAGAC CIGGGAGTIC 8100 

GIGTA3GOGA GAAGAIGGGC CTITACGAGG TGGTCTCCAC CLTIUL'ICAG 8150 

QCCX3IGA3X33 GCICCTCATA QGGATTICAA TACTXXGCCA AGCAQQ3GGT 8200 

OGAGTIGCIG GTGAATAOCT GGAAATCAAA GAAAIGCGCT AlGGGCTICr 8250 

CAIATCACAC CCGCTGTnT GACICAAOGG TCACIGAGAG 'IGACATIOGT 8300 

GTIGAGGAGT CAATITAQCA ATGTIGIGAC TIGGOCCCOG AGGOCAGACA 8350 

GGOCATAAGG TCQCTCACAG AGOOGLVLTIA CATO3333GT GOQCTGACTA 8400 

ACTCAAAAGG GCAGAACTGC GGTTATCGCC GGIGOOGGGC AAGIGGQGIG 8450 

CTGAOGACIA GCTGCGGTAA TACXXTCACA TGTEACTIGA AGGCCACIGC 8500 

AQCCIGIOGA GCIGCAAAGC TOCAGGACIG CAOGASGCIC GTGAACQGAG 8550 

ACGAG LT1GT OGTEALLCIGT GAAAGCGCGG GAAQQCAGGA GGAIGOGGCG 8600 

GCCCEAOGAG CCTICACG3A. QQCTATCACT AQGTATIQQG CXXD000Q03G 8650 

QGATCCGOCC CAAQCAGAAT ACaAQCTGGA GCIGATAACA TCA3GTICCT 8700 

CCAATCTCIC AGTCGOGCAC GAIGCATCIG GCAAAAGGGT ATACTAQCIC 8750 

ACCCGIGACC OCAOCAOXDC OCTIGCACGG GCIGOGIGGG AGACAGCTAG 8800 

ACACACTCCA ATCAACIUIT G3CTAG3CAA TATCATCATC TAIGOGODCA 8850 

CCCTA.TO33C AAGGATCATT CIGA3GACIC ACLTITIUIU CATCCTICTA 8900 

QCICAAGAGC AACTIGAAAA AGCCCIGGAT TCTCAGATCT ADGGGGCTIG 8950 

CTACTCXTATT GAGCCACTIG AOCEAQCTCA GA1CATIGAA OGACTOCAIG 9000 

GfldTOGOGC ATTTACACIC CACAGrlTACT CTCCAGGIGA GATCAATAGG 9050 

GIGGCTICAT GCCICAGGAA ACTIGGGGTA CCACGCTIGG GAAOCIGGAG 9100 
ACATOGGGQC AGAAGIGIGC GOGCTAAGCT ACTGICCCAG GGGGQGAGGG 9150 
CCQGCACTIG TGGCAGATAC CICITIAACT GGGCAGTAAG GAOCAAGCIT 9200 
AAACICAC1C CAATCGGGGC GGCGIOCCAG CIGGACTTGT CIGGCIGGTr 9250 
CGTDGCIGGT TACAGCGGGG GAGACATATA TCACAGCCIG TCICGIGCGC 9300 
GACCGCGCIG GTTICCGTIG 1GCCTACTOC TACTTICIGT AGGG3TAGGC 9350 
ATTTACCTGC TCOOCAAGOG ATGAAGGGGG AGCTAAGCAC T OCAGGOCTT 9400 
AAGCCATTIC CIGTriTTIT TITTITITIT TTITITITIT TCTITT3TIT 9450 
TTICTTIGCT TTGCTTGTTT 'l'l'l'l CCTTIC 'I'lTl'lCCCTT CTTEAA3GGT 9500 
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G3CIDCATCT TM3O0CZM3T CAS333ZCAQC H3IGAAAQ3T OOGIGaGOOG 9550 
CATCACIOCA GAGAGIGCIG CAICT 9595 
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MSTNEKPQRK 1KRNINRRPQ Dv/KFFQ3Q2I V33VYLLERR GFRLGVRATR 50 

KASERSQPRG RPQPIPKARR PB3RA&©QPG YPWELYGSEE IG/iAQWLLSP 100 

RGSRPSWGPT DPRRRSRNLG KVUJl'L'lUGF AEfl^GYTPLV GAED33AARA. 150 

IAH3VRVLED GVNYATCNLP GCSFSIFIIA LE5CLTTPAS AYEVRNVSGI 200 

YHVTNDCSNS SIVYEAAEVI MHTPGCVPCV QEENSSRCW AE/TPHAARN 250 

ASVPTTTTRR HVDLLM3EAA FCSAMYVQX, CXSSIFIiVSQL FTPSERRHET 300 

VQDCKCSIYP GHV93HRMAW EMMYJMtfSPTT ALWSQLiRI PQAWEMUAG 350 

AHW3VLAGLA YYSMVGMflMC VUVALLEAG VBGE'IHTIUR VAGHITSGFT 400 

SLFS93ASQK IQLVNIN3SW HINRIM^OJ DSDJ1GFKAA LFXAHKENSS 450 

GCPERMASCR PITOrtFAQGWS PriYIKENSS DQRPYCWEKA PRF03WPAS 500 

QtfOGPVYCFT PSPWVGTID RS3VPIYSWG ESEIEWMLLN NIRPPQGNWF 550 

GCTWtfNyiUfr' TKTO33PPCN IG3VGNRTLI CPIDCFRKHP EATYLKOGSG 600 

PWLTPRCLVD YPYFJLWHYPG TLNFSIFK\ZR MYVCGVEHKL NAACNWIBGE 650 

RCNLEERERS ELSPLLLSIT EWQILPCAPT TLPALSIGLI HLHQNIVDyQ 700 

YLYGVGSAFV SFAIKWEYIL LLF1IXADAR \OOJW3MLL IAQAEAALEN 750 

LWLNAASVA GAH3ILSFLV FTCAAWYIKG RIAPGAAYAF YGVWPLLLLL 800 

LALPPRAYAL DREMAASQQG AVLVGLVFLT LSPYYKVFLT RLIWWLQYFT 850 

TRAEAHM3VW VPPLNVRGGR DAIILLTCAV HPELIFDITK LLLATLGPLM 900 

VLQAGITRVP YFVRAQGLIR ACMLVRKVAG GHYVQXIVFMK DGALTGIWY 950 

MiLTPIIREWA HAGLRIXAVA VEPWFSAME TOVITVJGADr AAOGDIUjGL 1000 

PVSARRGKEI FLGPADSLEG QOrtRLLAPIT AYSQQfTRGVL GCIITSLTGl 1050 

EKNQVEGEVQ WSEAIQSFL ATCINGVCWT VYH3AGSKTL AGPKGPTB^M 1100 

YINVDLDLVG W2APFGARSM TPC90GSSDL YLVTRHAD7I EVRRRGDSRG 1150 

SLLSPRPV5Y LKGS9QGPLL CPSGHWGVF RAAVCIPGVA KAVDFIPVES 1200 

METIMRSPVF TTNSTPPAVP CTPQVAHLHA PT3SGKSIKV PAAYAAQ3YK 1250 

VLVLNPSVAA TLGFGAYMSK AHGIDPNIRT G VKI'ITIU GS ZTCSIYGKFL 1300 

•ADGGC93GAY DIIICDECHS TDSTTTLGIG TVLDQAETAG ARLWLATAT 1350 

PPGSVTVPHP NIEEIGLSNM GEIPFYGKAI PIEAIK33RH IJPCHSKKKC 1400 

DELAAKL1GL GI20AVAYYRG LOv/SVTPPIG DvA/vA/AIEftL MIGPTGEFCS 1450 

VIDCNICVIQ TVDFSLDPIF TTETTIVPQD AV5RSQRRGR TGRGRSG3YR 1500 

FVTPGERPSG MFESSVLCEC YDAQCAWXEL TPAEISVPXR AYLNTPGLPV 1550 

OQEHLEFWES VFTCLTHEEft. HFLSQIKQAG ENFPYLVAYQ A3VCARAQAP 1600 

PPSWDQMtfKC LIRLKPTLHG FIPLLYRLGA VQNEVXL1HP ITKYIMACMS 1650 

ADLEWTSIW VLVQGVLAAL AAYCLTIGSV VTVGRIIL9G KPAWPEREV 1700 

LYQEFDEMEE CASQLPYEEQ GMQLAEQFKQ KAD3I2JQTCAT KQAEAAAPW 1750 

ESKWRALETF VAKHMaJNFTS GIQYLAGLST LPGNPAIASL MAPTASITSP 1800 

LTTQNTLIjFN IL/3GWVAAQL APPSAASAFV GAGIAGAAVG SIGLGKVLVD 1850 

ILAGYGAGVA GALVAFKVMS GEVPSTEDLV NLLPAILSEG ALWGWCAA 1900 
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ILKRHVGFCE GAVQMtfNRLI AEASR2*HVS PTHYVPESEA AARVIQILSS 1950 

LTTIQLIKRL HQWINEECST PC93SWLREV VOJICIVLTD FKIWLQSKLL 2000 

PRLtFGVPFLS OQRGXKGVWR (SGIMJl'ICP OGAQIAGWK N33tfRIW3ER 2050 

TCSNIWH3IF PINAYTIGEC TPSPAENYSR ALWRVAAEEY VEVlKVAJDbH 2100 

YVTaCIENV KCP03VPAPE FFlbVUGVRL HKYAPACKPL LRtiLAAii«y^G 2150 

IWQYLVG9QL FCEPEPD7IV LTSML1DPSH nAEIBKRRL ARGSPPSLAS 2200 

SSASQLSAPS LKATCITHHD SPEAEOEAN LDWRQEM33N ITHVESENKV 2250 

VILDSEEPLH AEGEEREISV AAEDLBKSKK FPSALPIWAR PDYNPPLLES 2300 

WKDPDYVPPV VB3CPLPPIK APPIPPPRRK KCWLTESNV SSAIAELAIK 2350 

TPGSSGSSAV DSGEATAIiED IASEDGEKGS EVESXSSMPP LEEEPGDEEC - 2400 

SDGSWSIVSE EASEDWVOCS MSYTWIGALI TPCAAEESKL PINPLSNSLL 2450 

FJiHNMVYATT SRSASLRQKK VTFTRD^v/LD EEGREVIKEM KAKASIVKAK 2500 

LLSIEEACKL TPEHSAKSKF GYGAKEMRNL SSRAVNHIRS VWEEOJEDIE 2550 

TP H JI TIM AK SEVPCVQPEK. GGRKPARLIV FPDLGVRVCE KMALYEWST 2600 

LPQAVM3SSY GF^YSPKQRV EFLVNIWKSK KCEM3FSYDT RCFDSIVIES 2650 

DIRVEESIYQ OCELAPEARQ AIRSLTERLY IG3PLTNSKG CN33YRRCRA 2700 

SGVLTTSCGtf TLTCYLKAIA ACRAAKLQDC IMLVNGOXV VICESAGIQE 2750 

EAAALRAFTE AMIRYSAPPG DPPQPEYDLE LTT9CSSNVS V&HEASGKRV 2800 

YYLTRDPTIP LARAAWETCAR HTPINSWLQNI IIMh^PTLJWA. KMUMIHFFS 2850 

ZLIAQEQLEK AUXQIYGAC YSIEPLDLPQ IIERLH3LSA FTLHSYSPGE 2900 

XNRVASZLRK LGVPPLKIWR HRARSVRAKL LSQ33RAATC Q^LETSWAVR 2950 

TKLKLTPIPA ASQLDL9GWF VAGY933DIY HSLSRARFRW FPLCLLLLSV 3000 

GVGIYLLEMR 3010 
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SEQUENCE LISTING 

<110> Bukh, Jens 

Puree 1 1 , Robe r t 
Yanagi , Masayuki 
Emerson , Suzanne 

<120> Infectious cDNA Clone of GB virus B and Uses Thereof 

<130> 2026-4308PC 

<14 0> TBA 

<141> 2000-06-02 

<150> 60/137,694 
<151> 1999-06-04 

<160> 5 

<170> Patentln Ver. 2.1 

<210> 1 

<211> 9399 

<212> DNA 

<213> GBV-B virus 

<400> 1 

accacaaaca ctccagtttg ttacactccg etaggaatge tcctggagca ccccccctag 60 
cagggcgtgg gggatttccc ctgcccgtct gcagaagggt ggagccaacc accttagtat 120 
gtaggcggcg ggactcatga cgctcgcgtg atgacaagcg ccaagcttga cttggatggc 180 
cctgatgggc gttcatgggt tcggtggtgg tggegcttta ggcagcctcc acgcccacca 24 0 
cctcccagat agageggegg cactgtaggg aagaccgggg accggtcact accaaggacg 300 
-cagacctctt tttgagtatc acgcctccgg aagtagttgg gcaagcccac ctatatgtgt 360 
tgggatggtt ggggttagcc atccataccg tactgectga tagggtcctt gcgaggggat 420 
ctgggagtct cgtagaccgt agcacatgcc tgttatttct actcaaacaa gtcctgtacc 480 
tgcgcccaga aegegcaaga acaagcagac gcaggcttca tatcctgtgt ccattaaaac 54 0 
atctgttgaa aggggacaac gagcaaagcg caaagtccag cgcgatgctc ggcctcgtaa 6 00 
ttacaaaatt gctggtatcc atgatggctt gcagacattg gctcaggctg ctttgccagc 660 
tcatggttgg ggacgccaag accctcgcca taagtctege aatcttggaa tccttctgga 720 
ttaccctttg gggtggattg gtgatgttac aactcacaca cctctagtag gcccgctggt 780 
ggcaggagcg gtcgttcgac cagtctgcca gatagtaege ttgctggagg atggagtcaa 84 0 
ctgggctact ggttggttcg gtgtccacct ttttgtggta tgtctgetat ctttggcctg 900 
tccctgtagt ggggcgcggg tcactgaccc agacacaaat accacaatcc tgaccaattg 960 
ctgccagcgt aatcaggtta tctattgttc tccttccact tgcctacacg agcctggttg 1020 
tgtgatctgt gcggacgagt gctgggttcc cgccaatccg tacatctcac acccttccaa 1080 
ttggactggc acggactcct tcttggctga ccacattgat tttgttatgg gcgctcttgt 1140 
gacctgtgac gcccttgaca ttggtgagtt gtgtggtgcg tgtgtattag tcggtgactg 1200 
gcttgtcagg cactggctta ttcacataga cctcaatgaa actggtactt gttacctgga 1260 
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agtgcccact ggaatagatc ctgggttcct agggtttatc gggtggatgg ccggcaaggt 1320 
cgaggctgtc atcttcttga ccaaactggc ttcacaagta ccatacgcta ttgcgactat 1380 
gtttagcagt gtacactacc tggcggttgg cgctctgatc tactatgcct ctcggggcaa 144 0 
gtggtatcag ttgctcctag cgcttatgct ttacatagaa gcgacctctg gaaaccccat 1500 
cagggtgccc actggatgct caatagctga gttttgctcg cctttgatga taccatgtcc 1560 
ttgccactct tatttgagtg agaatgtgtc agaagtcatt tgttacagtc caaagtggac 162 0 
caggcctatc actctagagt ataacaactc catatcttgg tacccctata caatccctgg 1680 
tgcgagggga tgtatggtta aattcaaaaa taacacatgg ggttgctgcc gtattcgcaa 174 0 
tgtgccatcg tactgcacta tgggcactga tgcagtgtgg aacgacactc gcaacactta 1800 
cgaagcatgc ggtgtaacac catggctaac aaccgcatgg cacaacggct cagccctgaa 1860 
attggctata ttacaatacc ctgggtctaa agaaatgttt aaacctcata attggatgtc 1920 
aggccatttg tattttgagg gatcagatac ccctatagtt tacttttatg accctgtgaa 1980 
ttccactctc ctaccaccgg agaggtgggc taggttgccc ggtaccccac ctgtggtacg 2040 
tggttcttgg ttacaggttc cgcaagggtt ttacagtgat gtgaaagacc tagccacagg 2100 
attgatcacc aaagacaaag cctggaaaaa ttatcaggtc ttatattccg ccacgggtgc 2160 
tttgtctctt acgggagtta ccaccaaggc cgtggtgcta attctgttgg ggttgtgtgg 2220 
cagcaagtat cttattttag cctacctctg ttacttgtcc ctttgttttg ggcgcgcttc 2280 
tggttaccct ttgcgtcctg tgctcccatc ccagtcgtat ctccaagctg gctgggatgt 2340 
tttgtctaaa gctcaagtag ctccttttgc tttgattttc ttcatctgtt gctatctccg 2400 
ctgcaggcta cgttatgctg cccttttagg gtttgtgccc atggctgcgg gcttgcccct 2460 
aactttcttt gttgcagcag ctgctgccca accagattat gactggtggg tgcgactgct 2520 
a 9tggcaggg ttagttttgt gggccggccg taaccgtggt caccgcatag ctctgcttgt 2580 
aggtccttgg cctctggtag cgcttttaac cctcttgcat ttggttacgc ctgcttcagc 2640 
ttttgatacc gagataattg gagggctgac aataccacct gtagtagcat tagttgtcat 2700 
gtctcgtttt ggcttctttg ctcacttgtt acctcgctgt gctttagtta actcctatct 2760 
ttggcaacgt tgggagaatt ggttttggaa cgttacacta agaccggaga ggtttttcct 282 0 
tgtgctggtt tgtttccccg gtgcgacata tgacgcgctg gtgactttct gtgtgtgtca 2880 
cgtagctctt ctatgtttaa catccagtgc agcatcgttc tttgggactg actctagggt 2 94 0 
tagggcccat agaatgttgg tgcgtctcgg aaagtgtcat gcttggtatt ctcattatgt 3000 
tcttaagttt ttcctcttag tgtttggtga gaatggtgtg tttttctata agcacttgca 3060 
tggtgatgtc ttgcctaatg attttgcctc gaaactacca ttgcaagagc catttttccc 3120 
ttttgaaggc aaggcaaggg tctataggaa tgaaggaaga cgcttggcgt gtggggacac 3180 
ggttgatggt ttgcccgttg ttgcgcgtct cggcgacctt gttttcgcag ggttggctat 3240 
gccgccagat gggtgggcca ttaccgcacc ttttacgctg cagtgtctct ctgaacgtgg 3300 
cacgctgtca gcgatggcag tggtcatgac tggtatagac ccccgaactt ggactggaac 3360 
tatcttcaga ttaggatctc tggccactag ctacatggga tttgtttgtg acaacgtgtt 3420 
gtatactgct caccatggca gcaaggggcg ccggttggct catcccacag gctctataca 34 80 
cccaataacc gttgacgcgg ctaatgacca ggacatctat caaccaccat gtggagctgg 354 0 
gtcccttact cggtgctctt gcggggagac caaggggtat ctggtaacac gactggggtc 3600 
attggttgag gtcaacaaat ccgatgaccc ttattggtgt gtgtgcgggg cccttcccat 3660 
ggctgttgcc aagggttctt caggtgcccc gattctgtgc tcctccgggc atgttattgg 3720 
gatgttcacc gctgctagaa attctggcgg ttcagtcagt cagattaggg ttaggccgtt 3780 
ggtgtgtgct ggataccatc cccagtacac agcacatgcc actcttgata caaaacctac 3840 
tgtgcctaac gagtattcag tgcaaatttt aattgccccc actggcagcg gcaagtcaac 3900 
caaattacca ctttcttaca tgcaggagaa gtatgaggtc ttggtcctaa atcccagtgt 3960 
ggctacaaca gcatcaatgc caaagtacat gcacgcgacg tacggcgtga atccaaattg 4 02 0 
ctattttaat ggcaaatgta ccaacacagg ggcttcactt acgtacagca catatggcat 4080 
gtacctgacc ggagcatgtt cccggaacta tgatgtaatc atttgtgacg aatgccatgc 4140 
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taccgatgca accaccgtgt tgggcattgg aaaggtccta accgaagctc catccaaaaa 4200 
tgttaggcta gtggttcttg ccacggctac cccccctgga gtaatcccta caccacatgc 4260 
caacataact gagattcaat taaccgatga aggcactatc ccctttcatg gaaaaaagat 4320 
taaggaggaa aatctgaaga aagggagaca ccttatcttt gaggctacca aaaaacactg 4380 
tgatgagctt gctaacgagt tagctcgaaa gggaataaca gctgtctctt actatagggg 444 0 
atgtgacatc tcaaaaatcc ctgagggcga ctgtgtagta gttgccactg atgccttgtg 4500 
tacagggtac actggtgact ttgattccgt gtatgactgc agcctcatgg tagaaggcac 4560 
atgccatgtt gaccttgacc ctactttcac catgggtgtt cgtgtgtgcg gggtttcagc 4620 
aatagttaaa ggccagcgta ggggccgcac aggccgtggg agagctggca tatactacta 4680 
tgtagacggg agttgtaccc cttcgggtat ggttcctgaa tgcaacattg ttgaagcctt 474 0 
cgacgcagcc aaggcatggt atggtttgtc atcaacagaa gctcaaacta ttctggacac 4800 
ctatcgcacc caacctgggt tacctgcgat aggagcaaat ttggacgagt gggctgatct 4860 
cttttctatg gtcaaccccg aaccttcatt tgtcaatact gcaaaaagaa ctgctgacaa 4920 
ttatgttttg ttgactgcag cccaactaca actgtgtcat cagtatggct atgctgctcc 4980 
caatgacgca ccacggtggc agggagcccg gcttgggaaa aaaccttgtg gggttctgtg 504 0 
gcgcttggac ggcgctgacg cctgtcctgg cccagagccc agcgaggtga ccagatacca 5100 
aatgtgcttc actgaagtca atacttctgg gacagccgca ctcgctgttg gcgttggagt 5160 
ggctatggct tatctagcca ttgacacttt tggcgccact tgtgtgcggc gttgctggtc 5220 
tattacatca gtccctaccg gtgctactgt cgccccagtg gttgacgaag aagaaatcgt 52 80 
ggaggagtgt gcatcattca ttcccttgga ggccatggtt gctgcaattg acaagctgaa 534 0 
gagtacaatc accacaacta gtcctttcac attggaaacc gcccttgaaa aacttaacac 5400 
ctttcttggg cctcatgcag ctacaatcct tgctatcata gagtattgct gtggtttagt 5460 
cactttacct gacaatccct ttgcatcatg cgtgtttgct ttcattgcgg gtattactac 5520 
cccactacct cacaagatca aaatgttcct gtcattattt ggaggcgcaa ttgcgtccaa 5580 
gcttacagac gctagaggcg cactggcgtt catgatggcc ggggctgcgg gaacagctct 5640 
tggtacatgg acatcggtgg gttttgtctt tgacatgcta ggcggctatg ctgccgcctc 5700 
atccactgct tgcttgacat ttaaatgctt gatgggtgag tggcccacta tggatcagct 5760 
tgctggttta gtctactccg cgttcaatcc ggccgcagga gttgtgggcg tcttgtcagc 5820 
ttgtgcaatg tttgctttga caacagcagg gccagatcac tggcccaaca gacttcttac 5880 
tatgcttgct aggagcaaca ctgtatgtaa tgagtacttt attgccactc gtgacatccg 5940 
caggaagata ctgggcattc tggaggcatc taccccctgg agtgtcatat cagcttgcat 6000 
ccgttggctc cacaccccga cggaggatga ttgcggcctc attgcttggg gtctagagat 6060 
ttggcagtat gtgtgcaatt tctttgtgat ttgctttaat gtccttaaag ctggagttca 6120 
gagcatggtt aacattcctg gttgtccttt ctacagctgc cagaaggggt acaagggccc 6180 
ctggattgga tcaggtatgc tccaagcacg ctgtccatgc ggtgctgaac tcatcttttc 624 0 
tgttgagaat ggttttgcaa aactttacaa aggacccaga acttgttcaa attactggag 6300 
a 9999Ctgtt ccagtcaacg ctaggctgtg tgggtcggct agaccggacc caactgattg 6360 
gactagtctt gtcgtcaatt atggcgttag ggactactgt aaatatgaga aaatgggaga 6420 
tcacattttt gttacagcag tatcctctcc aaatgtctgt ttcacccagg tgcccccaac 6480 
cttgagagct gcagtggccg tggacggcgt acaggttcag tgttatctag gtgagcccaa 654 0 
aactccttgg acgacatctg cttgctgtta cggtcctgac ggtaagggta aaactgttaa 6600 
gcttcccttc cgcgttgacg gtcacacacc tggtgtgcgc atgcaactta atttgcgtga 6660 
tgcacttgag acaaatgact gtaattccac aaacaacact cctagtgatg aagccgcagt 6720 
gtccgctctt gttttcaaac aggagttgcg gcgtacaaac caattgcttg aggcaatttc 6780 
agctggcgtt gacaccacca aactgccagc cccctccatc gaagaggtag tggtaagaaa 684 0 
gcgccagttc cgggcaagaa ctggttcgct taccttgcct ccccctccga gatccgtccc 6900 
a 99 a 9t9 tca tgtcctgaaa gcctgcaacg aagtgacccg ttagaaggtc cttcaaacct 6960 
ccctccttca ccacctgttc tacagttggc catgccgatg cccctgttgg gagcgggtga 7020 
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gtgtaaccct ttcactgcaa ttggatgtgc aatgaccgaa acaggcggag gccctgatga 7080 
tttacccagt taccctccca aaaaggaggt ctctgaatgg tcagacgaaa gttggtcgac 7140 
ggctacaacc gcttccagct acgttactgg ccccccgtac cctaagatac ggggaaagga 7200 
ttccactcag tcagcccccg ccaaacggcc tacaaaaaag aagttgggaa agagtgagtt 7260 
ttcgtgcagc atgagctaca cctggaccga cgtgattagc ttcaaaactg cttctaaagt 7320 
tctgtctgca actcgggcca tcactagtgg tttcctcaaa caaagatcat tggtgtatgt 73 80 
gactgagccg cgggatgcgg agcttagaaa acaaaaagtc actattaata gacaacctct 744 0 
gttcccccca tcataccaca agcaagtgag attggctaag gaaaaagctt caaaagttgt 7500 
cggtgtcatg tgggactatg atgaagtagc agctcacacg ccctctaagt ctgctaagtc 7560 
ccacatcact ggccttcggg gcactgatgt tcgttctgga gcagcccgca aggctgttct 7620 
ggacttgcag aagtgtgtcg aggcaggtga gataccgagt cattatcggc aaactgtgat 7680 
agttccaaag gaggaggtct tcgtgaagac cccccagaaa ccaacaaaga aacccccaag 774 0 
gcttatctcg tacccccacc ttgaaatgag atgtgttgag aagatgtact acggtcaggt 7800 
tgctcctgac gtagttaaag ctgtcatggg agatgcgtac gggtttgtag atccacgtac 7860 
ccgtgtcaag cgtctgttgt cgatgtggtc acccgatgca gtcggagcca catgcgatac 7920 
agtgtgtttt gacagtacca tcacacccga ggatatcatg gtggagacag acatctactc 7980 
agcagctaaa ctcagtgacc aacaccgagc tggcattcac accattgcga ggcagttata 804 0 
cgctggagga ccgatgatcg cttatgatgg ccgagagatc ggatatcgta ggtgtaggtc 8100 
ttccggcgtc tatactacct caagttccaa cagtttgacc tgctggctga aggtaaatgc 8160 
tgcagccgaa caggctggca tgaagaaccc tcgcttcctt atttgcggcg atgattgcac 8220 
cgtaatttgg aagagcgccg gagcagatgc agacaaacaa gcaatgcgtg tctttgctag 8280 
ctggatgaag gtgatgggtg caccacaaga ttgtgtgcct caacccaaat acagtttgga 834 0 
agaattaaca tcatgctcat caaatgttac ctctggaatt accaaaagtg gcaagcctta 8400 
ctactttctt acaagagatc ctcgtatccc ccttggcagg tgctctgccg agggtctggg 8460 
atacaacccc agtgctgcgt ggattgggta tctaatacat cactacccat gtttgtgggt 8520 
tagccgtgtg ttggctgtcc atttcatgga gcagatgctc tttgaggaca aacttcccga 8580 
gactgtgacc tttgactggt atgggaaaaa ttatacggtg cctgtagaag atctgcccag 864 0 
catcattgct ggtgtgcacg gtattgaggc tttctcggtg gtgcgctaca ccaacgctga 8700 
gatcctcaga gtttcccaat cactaacaga catgaccatg ccccccctgc gagcctggcg 8760 
aaagaaagcc agggcggtcc tcgccagcgc caagaggcgt ggcggagcac acgcaaaatt 882 0 
ggctcgcttc cttctctggc atgctacatc tagacctcta ccagatttgg ataagacgag 8 880 
cgtggctcgg tacaccactt tcaattattg tgatgtttac tccccggagg gggatgtgtt 8940 
tattacacca cagagaagat tgcagaagtt ccttgtgaag tatttggctg tcattgtttt 9000 
tgccctaggg ctcattgctg ttggattagc catcagctga acccccaaat tcaaaattaa 9060 
ctaacagttt tttttttttt tttttttttt agggcagcgg caacagggga gaccccgggc 9120 
ttaacgaccc cgccgatgtg agtttggcga ccatggtgga tcagaaccgt ttcgggtgaa 9180 
gccatggtct gaaggggatg acgtcccttc tggctcatcc acaaaaaccg tctcgggtgg 924 0 
gtgaggagtc ctggctgtgt gggaagcagt cagtataatt cccgtcgtgt gtggtgacgc 9300 
ctcacgacgt atttgtccgc tgtgcagagc gtagtaccaa gggctgcacc ccggtttttg 9360 
ttccaagcgg agggcaaccc ccgcttggaa ttaaaaact 9399 
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Met Pro Val He Ser Thr Gin Thr Ser Pro Val Pro Ala Pro Arg Thr 
15 10 is 

Arg Lys Asn Lys Gin Thr Gin Ala Ser Tyr Pro Val Ser He Lys Thr 
20 25 30 

Ser Val Glu Arg Gly Gin Arg Ala Lys Arg Lys Val Gin Arg Asp Ala 
3 5 40 45 

Arg Pro Arg Asn Tyr Lys He Ala Gly He His Asp Gly Leu Gin Thr 
50 55 60 

Leu Ala Gin Ala Ala Leu Pro Ala His Gly Trp Gly Arg Gin Asp Pro 
65 70 75 80 

Arg His Lys Ser Arg Asn Leu Gly He Leu Leu Asp Tyr Pro Leu Gly 
85 90 95 

Trp He Gly Asp Val Thr Thr His Thr Pro Leu Val Gly Pro Leu Val 
100 105 no 

Ala Gly Ala Val Val Arg Pro Val Cys Gin He Val Arg Leu Leu Glu 
115 120 125 

Asp Gly Val Asn Trp Ala Thr Gly Trp Phe Gly Val His Leu Phe Val 
130 135 140 

Val Cys Leu Leu Ser Leu Ala Cys Pro Cys Ser Gly Ala Arg Val Thr 
145 150 155 160 

Asp Pro Asp Thr Asn Thr Thr He Leu Thr Asn Cys Cys Gin Arg Asn 
165 170 175 

Gin Val He Tyr Cys Ser Pro Ser Thr Cys Leu His Glu Pro Gly Cys 
180 185 190 

Val He Cys Ala Asp Glu Cys Trp Val Pro Ala Asn Pro Tyr He Ser 
195 200 205 

His Pro Ser Asn Trp Thr Gly Thr Asp Ser Phe Leu Ala Asp His He 
210 215 220 

Asp Phe Val Met Gly Ala Leu Val Thr Cys Asp Ala Leu Asp He Gly 
225 230 235 240 

Glu Leu Cys Gly Ala Cys Val Leu Val Gly Asp Trp Leu Val Arg His 
245 250 255 
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Trp Leu lie His lie Asp Leu Asn Glu Thr Gly Thr Cys Tyr Leu Glu 
260 265 270 

Val Pro Thr Gly lie Asp Pro Gly Phe Leu Gly Phe lie Gly Trp Met 
275 280 285 

Ala Gly Lys Val Glu Ala Val He Phe Leu Thr Lys Leu Ala Ser Gin 
290 295 300 

Val Pro Tyr Ala He Ala Thr Met Phe Ser Ser Val His Tyr Leu Ala 
305 310 315 320 

Val Gly Ala Leu He Tyr Tyr Ala Ser Arg Gly Lys Trp Tyr Gin Leu 
325 330 335 

Leu Leu Ala Leu Met Leu Tyr He Glu Ala Thr Ser Gly Asn Pro He 
340 345 350 

Arg Val Pro Thr Gly Cys Ser He Ala Glu Phe Cys Ser Pro Leu Met 
355 360 365 

He Pro Cys Pro Cys His Ser Tyr Leu Ser Glu Asn Val Ser Glu Val 
370 375 380 

He Cys Tyr Ser Pro Lys Trp Thr Arg Pro He Thr Leu Glu Tyr Asn 
385 390 395 400 

Asn Ser He Ser Trp Tyr Pro Tyr Thr He Pro Gly Ala Arg Gly Cys 
405 410 415 

Met Val Lys Phe Lys Asn Asn Thr Trp Gly Cys Cys Arg He Arg Asn 
420 425 430 

Val Pro Ser Tyr Cys Thr Met Gly Thr Asp Ala Val Trp Asn Asp Thr 
435 440 . 445 

Arg Asn Thr Tyr Glu Ala Cys Gly Val Thr Pro Trp Leu Thr Thr Ala 
450 455 460 

Trp His Asn Gly Ser Ala Leu Lys Leu Ala He Leu Gin Tyr Pro Gly 
465 470 475 480 

Ser Lys Glu Met Phe Lys Pro His Asn Trp Met Ser Gly His Leu Tyr 
485 490 495 

Phe Glu Gly Ser Asp Thr Pro He Val Tyr Phe Tyr Asp Pro Val Asn 
500 505 510 
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Ser Thr Leu Leu Pro Pro Glu Arg Trp Ala Arg Leu Pro Gly Thr Pro 
515 520 525 

Pro Val Val Arg Gly Ser Trp Leu Gin Val Pro Gin Gly Phe Tyr Ser 
530 535 540 

Asp Val Lys Asp Leu Ala Thr Gly Leu lie Thr Lys Asp Lys Ala Trp 
545 550 555 560 

Lys Asn Tyr Gin Val Leu Tyr Ser Ala Thr Gly Ala Leu Ser Leu Thr 
565 570 575 

Gly Val Thr Thr Lys Ala Val Val Leu lie Leu Leu Gly Leu Cys Gly 
580 585 590 

Ser Lys Tyr Leu lie Leu Ala Tyr Leu Cys Tyr Leu Ser Leu Cys Phe 
595 600 605 

Gly Arg Ala Ser Gly Tyr Pro Leu Arg Pro Val Leu Pro Ser Gin Ser 
610 615 620 

Tyr Leu Gin Ala Gly Trp Asp Val Leu Ser Lys Ala Gin Val Ala Pro 
625 630 635 640 

Phe Ala Leu lie Phe Phe lie Cys Cys Tyr Leu Arg Cys Arg Leu Arg 
645 650 655 

Tyr Ala Ala Leu Leu Gly Phe Val Pro Met Ala Ala Gly Leu Pro Leu 
660 665 670 

Thr Phe Phe Val Ala Ala Ala Ala Ala Gin Pro Asp Tyr Asp Trp Trp 
675 680 685 

Val Arg Leu Leu Val Ala Gly Leu Val Leu Trp Ala Gly Arg Asn Arg 
690 695 700 

Gly His Arg lie Ala Leu Leu Val Gly Pro Trp Pro Leu Val Ala Leu 
705 710 715 720 

Leu Thr Leu Leu His Leu Val Thr Pro Ala Ser Ala Phe Asp Thr Glu 
725 730 735 

lie He Gly Gly Leu Thr He Pro Pro Val Val Ala Leu Val Val Met 
740 745 750 

Ser Arg Phe Gly Phe Phe Ala His Leu Leu Pro Arg Cys Ala Leu Val 
755 760 765 
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Asn Ser Tyr Leu Trp 
770 

Leu Arg Pro Glu Arg 
785 

Thr Tyr Asp Ala Leu 
805 

Cys Leu Thr Ser Ser 
820 

Arg Ala His Arg Met 
835 

Ser His Tyr Val Leu 
850 

Val Phe Phe Tyr Lys 
865 

Ala Ser Lys Leu Pro 
885 

Ala Arg Val Tyr Arg 
900 

Val Asp Gly Leu Pro 
915 

Gly Leu Ala Met Pro 
930 

Leu Gin Cys Leu Ser 
945 

Met Thr Gly lie Asp 
965 

Gly Ser Leu Ala Thr 
980 

Tyr Thr Ala His His 
995 

Gly Ser lie His Pro 
1010 



Gin Arg Trp Glu Asn Trp 
775 

Phe Phe Leu Val Leu Val 
790 795 

Val Thr Phe Cys Val Cys 
810 

Ala Ala Ser Phe Phe Gly 
825 

Leu Val Arg Leu Gly Lys 
840 

Lys Phe Phe Leu Leu Val 
855 

His Leu His Gly Asp Val 
870 875 

Leu Gin Glu Pro Phe Phe 
890 

Asn Glu Gly Arg Arg Leu 
905 

Val Val Ala Arg Leu Gly 
920 

Pro Asp Gly Trp Ala lie 
935 

Glu Arg Gly Thr Leu Ser 
950 955 

Pro Arg Thr Trp Thr Gly 
970 

Ser Tyr Met Gly Phe Val 
985 

Gly Ser Lys Gly Arg Arg 
1000 

lie Thr Val Asp Ala Ala 
1015 



Phe Trp Asn Val Thr 
780 

Cys Phe Pro Gly Ala 
800 

His Val Ala Leu Leu 
815 

Thr Asp Ser Arg Val 
830 

Cys His Ala Trp Tyr 
845 

Phe Gly Glu Asn Gly 
860 

Leu Pro Asn Asp Phe 
880 

Pro Phe Glu Gly Lys 
895 

Ala Cys Gly Asp Thr 
910 

Asp Leu Val Phe Ala 
925 

Thr Ala Pro Phe Thr 
940 

Ala Met Ala Val Val 
960 

Thr lie Phe Arg Leu 
975 

Cys Asp Asn Val Leu 
990 

Leu Ala His Pro Thr 
1005 

Asn Asp Gin Asp lie 
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Asp Glu Gly Thr lie Pro Phe His Gly Lys Lys lie Lys Glu Glu Asn 
1285 1290 1295 

Leu Lys Lys Gly Arg His Leu lie Phe Glu Ala Thr Lys Lys His Cys 
1300 1305 1310 

Asp Glu Leu Ala Asn Glu Leu Ala Arg Lys Gly lie Thr Ala Val Ser 
1315 1320 1325 

Tyr Tyr Arg Gly Cys Asp lie Ser Lys lie Pro Glu Gly Asp Cys Val 
1330 1335 1340 

Val Val Ala Thr Asp Ala Leu Cys Thr Gly Tyr Thr Gly Asp Phe Asp 
1345 1350 1355 1360 

Ser Val Tyr Asp Cys Ser Leu Met Val Glu Gly Thr Cys His Val Asp 
1365 1370 1375 

Leu Asp Pro Thr Phe Thr Met Gly Val Arg Val Cys Gly Val Ser Ala 
1380 1385 1390 

lie Val Lys Gly Gin Arg Arg Gly Arg Thr Gly Arg Gly Arg Ala Gly 
1395 1400 1405 

lie Tyr Tyr Tyr Val Asp Gly Ser Cys Thr Pro Ser Gly Met Val Pro 
1410 1415 1420 

Glu Cys Asn lie Val Glu Ala Phe Asp Ala Ala Lys Ala Trp Tyr Gly 
1425 1430 1435 1440 

Leu Ser Ser Thr Glu Ala Gin Thr lie Leu Asp Thr Tyr Arg Thr Gin 
1445 1450 1455 

Pro Gly Leu Pro Ala lie Gly Ala Asn Leu Asp Glu Trp Ala Asp Leu 
1460 1465 1470 

Phe Ser Met Val Asn Pro Glu Pro Ser Phe Val Asn Thr Ala Lys Arg 
1475 1480 1485 

Thr Ala Asp Asn Tyr Val Leu Leu Thr Ala Ala Gin Leu Gin Leu Cys 
1490 1495 1500 

His Gin Tyr Gly Tyr Ala Ala Pro Asn Asp Ala Pro Arg Trp Gin Gly 
1505 1510 1515 1520 

Ala Arg Leu Gly Lys Lys Pro Cys Gly Val Leu Trp Arg Leu Asp Gly 
1525 1530 1535 
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Tyr Gin Pro Pro Cys Gly Ala Gly Ser Leu Thr Arg Cys Ser Cys Gly 
1025 1030 1035 1040 

Glu Thr Lys Gly Tyr Leu Val Thr Arg Leu Gly Ser Leu Val Glu Val 
1045 1050 1055 

Asn Lys Ser Asp Asp Pro Tyr Trp Cys Val Cys Gly Ala Leu Pro Met 
1060 1065 1070 

Ala Val Ala Lys Gly Ser Ser Gly Ala Pro lie Leu Cys Ser Ser Gly 
1075 1080 1085 

His Val lie Gly Met Phe Thr Ala Ala Arg Asn Ser Gly Gly Ser Val 
1090 1095 1100 

Ser Gin He Arg Val Arg Pro Leu Val Cys Ala Gly Tyr His Pro Gin 
1105 1110 1115 1120 

Tyr Thr Ala His Ala Thr Leu Asp Thr Lys Pro Thr Val Pro Asn Glu 
1125 1130 1135 

Tyr Ser Val Gin He Leu He Ala Pro Thr Gly Ser Gly Lys Ser Thr 
1140 1145 1150 

Lys Leu Pro Leu Ser Tyr Met Gin Glu Lys Tyr Glu Val Leu Val Leu 
1155 1160 1165 

Asn Pro Ser Val Ala Thr Thr Ala Ser Met Pro Lys Tyr Met His Ala 
1170 1175 1180 

Thr Tyr Gly Val Asn Pro Asn Cys Tyr Phe Asn Gly Lys Cys Thr Asn 
1185 1190 1195 1200 

Thr Gly Ala Ser Leu Thr Tyr Ser Thr Tyr Gly Met Tyr Leu Thr Gly 
1205 1210 1215 

Ala Cys Ser Arg Asn Tyr Asp Val He He Cys Asp Glu Cys His Ala 
1220 1225 1230 

Thr Asp Ala Thr Thr Val Leu Gly He Gly Lys Val Leu Thr Glu Ala 
1235 1240 1245 

Pro Ser Lys Asn Val Arg Leu Val Val Leu Ala Thr Ala Thr Pro Pro 
1250 1255 1260 

Gly Val He Pro Thr Pro His Ala Asn He Thr Glu He Gin Leu Thr 
1265 1270 1275 1280 
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Ala Asp Ala Cys Pro Gly Pro Glu Pro Ser Glu Val Thr Arg Tyr Gin 
1540 1545 1550 

Met Cys Phe Thr Glu Val Asn Thr Ser Gly Thr Ala Ala Leu Ala Val 
1555 1560 1565 

Gly Val Gly Val Ala Met Ala Tyr Leu Ala lie Asp Thr Phe Gly Ala 
1570 1575 1580 

Thr Cys Val Arg Arg Cys Trp Ser lie Thr Ser Val Pro Thr Gly Ala 
1585 1590 1595 1600 

Thr Val Ala Pro Val Val Asp Glu Glu Glu He Val Glu Glu Cys Ala 
1605 1610 1615 

Ser Phe He Pro Leu Glu Ala Met Val Ala Ala He Asp Lys Leu Lys 
1620 1625 1630 

Ser Thr He Thr Thr Thr Ser Pro Phe Thr Leu Glu Thr Ala Leu Glu 
1635 1640 1645 

Lys Leu Asn Thr Phe Leu Gly Pro His Ala Ala Thr He Leu Ala He 
1650 1655 1660 

He Glu Tyr Cys Cys Gly Leu Val Thr Leu Pro Asp Asn Pro Phe Ala 
. 1665 1670 1675 1680 

Ser Cys Val Phe Ala Phe He Ala Gly He Thr Thr Pro Leu Pro His 
1685 1690 1695 

Lys He Lys Met Phe Leu Ser Leu Phe Gly Gly Ala He Ala Ser Lys 
1700 1705 1710 

Leu Thr Asp Ala Arg Gly Ala Leu Ala Phe Met Met Ala Gly Ala Ala 
1715 1720 1725 

Gly Thr Ala Leu Gly Thr Trp Thr Ser Val Gly Phe Val Phe Asp Met 
1730 1735 1740 

Leu Gly Gly Tyr Ala Ala Ala Ser Ser Thr Ala Cys Leu Thr Phe Lys 
1745 1750 1755 1760 

Cys Leu Met Gly Glu Trp Pro Thr Met Asp Gin Leu Ala Gly Leu Val 
1765 1770 1775 

Tyr Ser Ala Phe Asn Pro Ala Ala Gly Val Val Gly Val Leu Ser Ala 
1780 1785 1790 
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Cys Ala Met Phe Ala Leu Thr Thr Ala Gly Pro Asp His Trp Pro Asn 
1795 1800 1805 

Arg Leu Leu Thr Met Leu Ala Arg Ser Asn Thr Val Cys Asn Glu Tyr 
1810 1815 1820 

Phe lie Ala Thr Arg Asp lie Arg Arg Lys lie Leu Gly lie Leu Glu 
1825 1830 1835 1840 

Ala Ser Thr Pro Trp Ser Val lie Ser Ala Cys He Arg Trp Leu His 
1845 1850 1855 

Thr Pro Thr Glu Asp Asp Cys Gly Leu He Ala Trp Gly Leu Glu He 
1860 1865 1870 

Trp Gin Tyr Val Cys Asn Phe Phe Val He Cys Phe Asn Val Leu Lys 
1875 1880 1885 

Ala Gly Val Gin Ser Met Val Asn He Pro Gly Cys Pro Phe Tyr Ser 
1890 1895 1900 

Cys Gin Lys Gly Tyr Lys Gly Pro Trp He Gly Ser Gly Met Leu Gin 
1905 _ 1910 1915 1920 

Ala Arg Cys Pro Cys Gly Ala Glu Leu He Phe Ser Val Glu Asn Gly 
1925 1930 1935 

Phe Ala Lys Leu Tyr Lys Gly Pro Arg Thr Cys Ser Asn Tyr Trp Arg 
1940 1945 1950 

Gly Ala Val Pro Val Asn Ala Arg Leu Cys Gly Ser Ala Arg Pro Asp 
1955 1960 1965 

Pro Thr Asp Trp Thr Ser Leu Val Val Asn Tyr Gly Val Arg Asp Tyr 
1970 1975 1980 

Cys Lys Tyr Glu Lys Met Gly Asp His He Phe Val Thr Ala Val Ser 
1985 1990 1995 2000 

Ser Pro Asn Val Cys Phe Thr Gin Val Pro Pro Thr Leu Arg Ala Ala 
2005 2010 2015 

Val Ala Val Asp Gly Val Gin Val Gin Cys Tyr Leu Gly Glu Pro Lys 
2020 2025 2030 

Thr Pro Trp Thr Thr Ser Ala Cys Cys Tyr Gly Pro Asp Gly Lys Gly 
2035 2040 2045 
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Lys Thr Val Lys Leu Pro Phe Arg Val Asp Gly His Thr Pro Gly Val 
2050 2055 2060 

Arg Met Gin Leu Asn Leu Arg Asp Ala Leu Glu Thr Asn Asp Cys Asn 
2065 2070 2075 2080 

Ser Thr Asn Asn Thr Pro Ser Asp Glu Ala Ala Val Ser Ala Leu Val 
2085 2090 2095 

Phe Lys Gin Glu Leu Arg Arg Thr Asn Gin Leu Leu Glu Ala lie Ser 
2100 2105 2110 

Ala Gly Val Asp Thr Thr Lys Leu Pro Ala Pro Ser lie Glu Glu Val 
2115 2120 2125 

Val Val Arg Lys Arg Gin Phe Arg Ala Arg Thr Gly Ser Leu Thr Leu 
2130 2135 2140 

Pro Pro Pro Pro Arg Ser Val Pro Gly Val Ser Cys Pro Glu Ser Leu 
2145 2150 2155 2160 

Gin Arg Ser Asp Pro Leu Glu Gly Pro Ser Asn Leu Pro Pro Ser Pro 
2165 2170 2175 

Pro Val Leu Gin Leu Ala Met Pro Met Pro Leu Leu Gly Ala Gly Glu 
2180 2185 2190 

Cys Asn Pro Phe Thr Ala He Gly Cys Ala Met Thr Glu Thr Gly Gly 
2195 2200 2205 

Gly Pro Asp Asp Leu Pro Ser Tyr Pro Pro Lys Lys Glu Val Ser Glu 
2210 2215 2220 

Trp Ser Asp Glu Ser Trp Ser Thr Ala Thr Thr Ala Ser Ser Tyr Val 
2225 2230 2235 m 2240 

Thr Gly Pro Pro Tyr Pro Lys He Arg Gly Lys Asp Ser Thr Gin Ser 
2245 2250 2255 

Ala Pro Ala Lys Arg Pro Thr Lys Lys Lys Leu Gly Lys Ser Glu Phe 
2260 2265 2270 

Ser Cys Ser Met Ser Tyr Thr Trp Thr Asp Val He Ser Phe Lys Thr 
2275 2280 2285 

Ala Ser Lys Val Leu Ser Ala Thr Arg Ala He Thr Ser Gly Phe Leu 
2290 2295 2300 
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Lys Gin Arg Ser Leu Val Tyr Val Thr Glu Pro Arg Asp Ala Glu Leu 
2305 2310 2315 2320 

Arg Lys Gin Lys Val Thr lie Asn Arg Gin Pro Leu Phe Pro Pro Ser 
2325 2330 2335 

Tyr His Lys Gin Val Arg Leu Ala Lys Glu Lys Ala Ser Lys Val Val 
2340 2345 2350 

Gly Val Met Trp Asp Tyr Asp Glu Val Ala Ala His Thr Pro Ser Lys 
2355 2360 2365 

Ser Ala Lys Ser His lie Thr Gly Leu Arg Gly Thr Asp Val Arg Ser 
2370 2375 2380 

Gly Ala Ala Arg Lys Ala Val Leu Asp Leu Gin Lys Cys Val Glu Ala 
2385 2390 2395 2400 

Gly Glu lie Pro Ser His Tyr Arg Gin Thr Val lie Val Pro Lys Glu 
2405 2410 2415 

Glu Val Phe Val Lys Thr Pro Gin Lys Pro Thr Lys Lys Pro Pro Arg 
2420 2425 2430 

Leu lie Ser Tyr Pro His Leu Glu Met Arg Cys Val Glu Lys Met Tyr 
2435 * 2440 2445 

Tyr Gly Gin Val Ala Pro Asp Val Val Lys Ala Val Met Gly Asp Ala 
2450 2455 2460 

Tyr Gly Phe Val Asp Pro Arg Thr Arg Val Lys Arg Leu Leu Ser Met 
2465 2470 2475 2480 

Trp Ser Pro Asp Ala Val Gly Ala Thr Cys Asp Thr Val Cys Phe Asp 
2485 2490 2495 

Ser Thr lie Thr Pro Glu Asp lie Met Val Glu Thr Asp lie Tyr Ser 
2500 2505 2510 

Ala Ala Lys Leu Ser Asp Gin His Arg Ala Gly lie His Thr lie Ala 
2515 2520 2525 

Arg Gin Leu Tyr Ala Gly Gly Pro Met He Ala Tyr Asp Gly Arg Glu 
2530 2535 2540 

He Gly Tyr Arg Arg Cys Arg Ser Ser Gly Val Tyr Thr Thr Ser Ser 
2545 2550 2555 2560 
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Ser Asn Ser Leu Thr Cys Trp Leu Lys Val Asn Ala Ala Ala Glu Gin 
2565 2570 2575 

Ala Gly Met Lys Asn Pro Arg Phe Leu lie Cys Gly Asp Asp Cys Thr 
2580 2585 2590 

Val lie Trp Lys Ser Ala Gly Ala Asp Ala Asp Lys Gin Ala Met Arg 
2595 2600 2605 

Val Phe Ala Ser Trp Met Lys Val Met Gly Ala Pro Gin Asp Cys Val 
2610 2615 2620 

Pro Gin Pro Lys Tyr Ser Leu Glu Glu Leu Thr Ser Cys Ser Ser Asn 
2625 2630 2635 2640 

Val Thr Ser Gly lie Thr Lys Ser Gly Lys Pro Tyr Tyr Phe Leu Thr 
2645 2650 2655 

Arg Asp Pro Arg lie Pro Leu Gly Arg Cys Ser Ala Glu Gly Leu Gly 
2660 2665 2670 

Tyr Asn Pro Ser Ala Ala Trp lie Gly Tyr Leu lie His His Tyr Pro 
2675 2680 2685 

Cys Leu Trp Val Ser Arg Val Leu Ala Val His Phe Met Glu Gin Met 
2690 2695 2700 

Leu Phe Glu Asp Lys Leu Pro Glu Thr Val Thr Phe Asp Trp Tyr Gly 
2705 2710 2715 2720 

Lys Asn Tyr Thr Val Pro Val Glu Asp Leu Pro Ser lie lie Ala Gly 
2725 2730 2735 

Val His Gly lie Glu Ala Phe Ser Val Val Arg Tyr Thr Asn Ala Glu 
2740 2745 2750 

lie Leu Arg Val Ser Gin Ser Leu Thr Asp Met Thr Met Pro Pro Leu 
2755 2760 2765 

Arg Ala Trp Arg Lys Lys Ala Arg Ala Val Leu Ala Ser Ala Lys Arg 
2770 2775 2780 

Arg Gly Gly Ala His Ala Lys Leu Ala Arg Phe Leu Leu Trp His Ala 
2785 2790 2795 2800 

Thr Ser Arg Pro Leu Pro Asp Leu Asp Lys Thr Ser Val Ala Arg Tyr 
2805 2810 2815 
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Thr'Thr Phe Asn Tyr Cys Asp Val Tyr Ser Pro Glu Gly Asp Val Phe 

2820 2825 2830 

lie Thr Pro Gin Arg Arg Leu Gin Lys Phe Leu Val Lys Tyr Leu Ala 

2835 2840 2845 

Val lie Val Phe Ala Leu Gly Leu He Ala Val Gly Leu Ala He Ser 

2850 2855 2860 



<210> 3 

<211> 9139 

<212> DNA 

<213> GBV-B virus 

<400> 3 

accacaaaca ctccagtttg ttacactccg ctaggaatgc tcctggagca ccccccctag 60 
cagggcgtgg gggatttccc ctgcccgtct gcagaagggt ggagccaacc accttagtat 120 
gtaggcggcg ggactcatga cgctcgcgtg atgacaagcg ccaagcttga cttggatggc 180 
cctgatgggc gttcatgggt tcggtggtgg tggcgcttta ggcagcctcc acgcccacca 24 0 
cctcccagat agagcggcgg cactgtaggg aagaccgggg accggtcact accaaggacg 3 00 
cagacctctt tttgagtatc acgcctccgg aagtagttgg gcaagcccac ctatatgtgt 360 
tgggatggtt ggggttagcc atccataccg tactgcctga tagggtcctt gcgaggggat 420 
ctgggagtct cgtagaccgt agcacatgcc tgttatttct actcaaacaa gtcctgtacc 4 80 
tgcgcccaga acgcgcaaga acaagcagac gcaggcttca tatcctgtgt ccattaaaac 54 0 
atctgttgaa aggggacaac gagcaaagcg caaagtccag cgcgatgctc ggcctcgtaa 600 
ttacaaaatt gctggtatcc atgatggctt gcagacattg gctcaggctg ctttgccagc 660 
tcatggttgg ggacgccaag accctcgcca taagtctcgc aatcttggaa tccttctgga 720 
ttaccctttg gggtggattg gtgatgttac aactcacaca cctctagtag gcccgctggt 7 80 
ggcaggagcg gtcgttcgac cagtctgcca gatagtacgc ttgctggagg atggagtcaa 84 0 
ctgggctact ggttggttcg gtgtrccacct ttttgtggta tgtctgctat ctttggcctg 900 
tccctgtagt ggggcgcggg tcactgaccc agacacaaat accacaatcc tgaccaattg 960 
ctgccagcgt aatcaggtta tctattgttc tccttccact tgcctacacg agcctggttg 1020 
tgtgatctgt gcggacgagt gctgggttcc cgccaatccg tacatctcac acccttccaa 1080 
ttggactggc acggactcct tcttggctga ccacattgat tttgttatgg gcgctcttgt 1140 
gacctgtgac gcccttgaca ttggtgagtt gtgtggtgcg tgtgtattag tcggtgactg 1200 
gcttgtcagg cactggctta ttcacataga cctcaatgaa actggtactt gttacctgga 1260 
agtgcccact ggaatagatc ctgggttcct agggtttatc gggtggatgg ccggcaaggt 1320 
c 9 a 99Ctgtc atcttcttga ccaaactggc ttcacaagta ccatacgcta ttgcgactat 13 80 
gtttagcagt gtacactacc tggcggttgg cgctctgatc tactatgcct ctcggggcaa 144 0 
gtggtatcag ttgctcctag cgcttatgct ttacatagaa gcgacctctg gaaaccccat 1500 
cagggtgccc actggatgct caatagctga gttttgctcg cctttgatga taccatgtcc 1560 
ttgccactct tatttgagtg agaatgtgtc agaagtcatt tgttacagtc caaagtggac 1620 
caggcctatc actctagagt ataacaactc catatcttgg tacccctata caatccctgg 1680 
tgcgagggga tgtatggtta aattcaaaaa taacacatgg ggttgctgcc gtattcgcaa 1740 
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tgtgccatcg tactgcacta tgggcactga 
cgaagcatgc ggtgtaacac catggctaac 
attggctata ttacaatacc ctgggtctaa 
aggccatttg tattttgagg gatcagatac 
ttccactctc ctaccaccgg agaggtgggc 
tggttcttgg ttacaggttc cgcaagggtt 
attgatcacc aaagacaaag cctggaaaaa 
tttgtctctt acgggagtta ccaccaaggc 
cagcaagtat cttattttag cctacctctg 
tggttaccct ttgcgtcctg tgctcccatc 
tttgtctaaa gctcaagtag ctccttttgc 
ctgcaggcta cgttatgctg cccttttagg 
aactttcttt gttgcagcag ctgctgccca 
agtggcaggg ttagttttgt gggccggccg 
aggtccttgg cctctggtag cgcttttaac 
ttttgatacc gagataattg gagggctgac 
gtctcgtttt ggcttctttg ctcacttgtt 
ttggcaacgt tgggagaatt ggttttggaa 
tgtgctggtt tgtttccccg gtgcgacata 
cgtagctctt ctatgtttaa catccagtgc 
tagggcccat agaatgttgg tgcgtctcgg 
tcttaagttt ttcctcttag tgtttggtga 
tggtgatgtc ttgcctaatg attttgcctc 
ttttgaaggc aaggcaaggg tctataggaa 
ggttgatggt ttgcccgttg ttgcgcgtct 
gccgccagat gggtgggcca ttaccgcacc 
cacgctgtca gcgatggcag tggtcatgac 
tatcttcaga ttaggatctc tggccactag 
gtatactgct caccatggca gcaaggggcg 
cccaataacc gttgacgcgg ctaatgacca 
gtcccttact cggtgctctt gcggggagac 
attggttgag gtcaacaaat ccgatgaccc 
ggctgttgcc aagggttctt caggtgcccc 
gatgttcacc gctgctagaa attctggcgg 
ggtgtgtgct ggataccatc cccagtacac 
tgtgcctaac gagtattcag tgcaaatttt 
caaattacca ctttcttaca tgcaggagaa 
ggctacaaca gcatcaatgc caaagtacat 
ctattttaat ggcaaatgta ccaacacagg 
gtacctgacc ggagcatgtt cccggaacta 
taccgatgca accaccgtgt tgggcattgg 
tgttaggcta gtggttcttg ccacggctac 
caacataact gagat'tcaat taaccgatga 
taaggaggaa aatctgaaga aagggagaca 
tgatgagctt gctaacgagt tagctcgaaa 
atgtgacatc tcaaaaatcc ctgagggcga 
tacagggtac actggtgact ttgattccgt 
atgccatgtt gaccttgacc ctactttcac 



tgcagtgtgg aacgacactc gcaacactta 1800 
aaccgcatgg cacaacggct cagccctgaa 1860 
agaaatgttt aaacctcata attggatgtc 1920 
ccctatagtt tacttttatg accctgtgaa 1980 
taggttgccc ggtaccccac ctgtggtacg 2 04 0 
ttacagtgat gtgaaagacc tagccacagg 2100 
ttatcaggtc ttatattccg ccacgggtgc 2160 
cgtggtgcta attctgttgg ggttgtgtgg 2 220 
ttacttgtcc ctttgttttg ggcgcgcttc 2280 
ccagtcgtat ctccaagctg gctgggatgt 2 34 0 
tttgattttc ttcatctgtt gctatctccg 2400 
gtttgtgccc atggctgcgg gcttgcccct 2460 
accagattat gactggtggg tgcgactgct 2 52 0 
taaccgtggt caccgcatag ctctgcttgt 2580 
cctcttgcat ttggttacgc ctgcttcagc 2640 
aataccacct gtagtagcat tagttgtcat 2700 
acctcgctgt gctttagtta actcctatct 2760 
cgttacacta agaccggaga ggtttttcct 2820 
tgacgcgctg gtgactttct gtgtgtgtca 2880 
agcatcgttc tttgggactg actctagggt 2 94 0 
aaagtgtcat gcttggtatt ctcattatgt 3000 
gaatggtgtg tttttctata agcacttgca 3060 
gaaactacca ttgcaagagc catttttccc 312 0 
tgaaggaaga cgcttggcgt gtggggacac 3180 
cggcgacctt gttttcgcag ggttggctat 324 0 
ttttacgctg cagtgtctct ctgaacgtgg 3300 
tggtatagac ccccgaactt ggactggaac 3360 
ctacatggga tttgtttgtg acaacgtgtt 3420 
ccggttggct catcccacag gctctataca 3480 
ggacatctat caaccaccat gtggagctgg 354 0 
caaggggtat ctggtaacac gactggggtc 3600 
ttattggtgt gtgtgcgggg cccttcccat 3660 
gattctgtgc tcctccgggc atgttattgg 3720 
ttcagtcagt cagattaggg ttaggccgtt 3 7 80 
agcacatgcc actcttgata caaaacctac 3840 
aattgccccc actggcagcg gcaagtcaac 3900 
gtatgaggtc ttggtcctaa atcccagtgt 3 960 
gcacgcgacg tacggcgtga atccaaattg 4 02 0 
ggcttcactt acgtacagca catatggcat 4080 
tgatgtaatc atttgtgacg aatgccatgc 414 0 
aaaggtccta accgaagctc catccaaaaa 4200 
cccccctgga gtaatcccta caccacatgc 4260 
aggcactatc ccctttcatg gaaaaaagat 4320 
ccttatcttt gaggctacca aaaaacactg 4380 
gggaataaca gctgtctctt actatagggg 444 0 
ctgtgtagta gttgccactg atgccttgtg 4500 
gtatgactgc agcctcatgg tagaaggcac 4560 
catgggtgtt cgtgtgtgcg gggtttcagc 4620 
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aatagttaaa ggccagcgta ggggccgcac aggccgtggg agagctggca tatactacta 4 680 
tgtagacggg agttgtaccc cttcgggtat ggttcctgaa tgcaacattg ttgaagcctt 4740 
cgacgcagcc aaggcatggt atggtttgtc atcaacagaa gctcaaacta ttctggacac 4800 
ctatcgcacc caacctgggt tacctgcgat aggagcaaat ttggacgagt gggctgatct 4 860 
cttttctatg gtcaaccccg aaccttcatt tgtcaatact gcaaaaagaa ctgctgacaa 4 920 
ttatgttttg ttgactgcag cccaactaca actgtgtcat cagtatggct atgctgctcc 4980 
caatgacgca ccacggtggc agggagcccg gcttgggaaa aaaccttgtg gggttctgtg 5040 
gcgcttggac ggcgctgacg cctgtcctgg cccagagccc agcgaggtga ccagatacca 5100 
aatgtgcttc actgaagtca atacttctgg gacagccgca ctcgctgttg gcgttggagt 5160 
ggctatggct tatctagcca ttgacacttt tggcgccact tgtgtgcggc gttgctggtc 5220 
tattacatca gtccctaccg gtgctactgt cgccccagtg gttgacgaag aagaaatcgt 5280 
ggaggagtgt gcatcattca ttcccttgga ggccatggtt gctgcaattg acaagctgaa 534 0 
gagtacaatc accacaacta gtcctttcac attggaaacc gcccttgaaa aacttaacac 5400 
ctttcttggg cctcatgcag ctacaatcct tgctatcata gagtattgct gtggtttagt 5460 
cactttacct gacaatccct ttgcatcatg cgtgtttgct ttcattgcgg gtattactac 5520 
cccactacct cacaagatca aaatgttcct gtcattattt ggaggcgcaa ttgcgtccaa 5580 
gcttacagac gctagaggcg cactggcgtt catgatggcc ggggctgcgg gaacagctct 5640 
tggtacatgg acatcggtgg gttttgtctt tgacatgcta ggcggctatg ctgccgcctc 5700 
atccactgct tgcttgacat ttaaatgctt gatgggtgag tggcccacta tggatcagct 5760 
tgctggttta gtctactccg cgttcaatcc ggccgcagga gttgtgggcg tcttgtcagc 5820 
ttgtgcaatg tttgctttga caacagcagg gccagatcac tggcccaaca gacttcttac 5880 
tatgcttgct aggagcaaca ctgtatgtaa tgagtacttt attgccactc gtgacatccg 5940 
caggaagata ctgggcattc tggaggcatc taccccctgg agtgtcatat cagcttgcat 6000 
ccgttggctc cacaccccga cggaggatga ttgcggcctc attgcttggg gtctagagat 6060 
ttggcagtat gtgtgcaatt tctttgtgat ttgctttaat gtccttaaag ctggagttca 6120 
gagcatggtt aacattcctg gttgtccttt ctacagctgc cagaaggggt acaagggccc 6180 
ctggattgga tcaggtatgc tccaagcacg ctgtccatgc ggtgctgaac tcatcttttc 6240 
tgttgagaat ggttttgcaa aactttacaa aggacccaga acttgttcaa attactggag 63 00 
a 999gctgtt ccagtcaacg ctaggctgtg tgggtcggct agaccggacc caactgattg 6360 
gactagtctt gtcgtcaatt atggcgttag ggactactgt aaatatgaga aaatgggaga 6420 
tcacattttt gttacagcag tatcctctcc aaatgtctgt ttcacccagg tgcccccaac 6480 
cttgagagct gcagtggccg tggacggcgt acaggttcag tgttatctag gtgagcccaa 6540 
aactccttgg acgacatctg cttgctgtta cggtcctgac ggtaagggta aaactgttaa 6600 
gcttcccttc cgcgttgacg gtcacacacc tggtgtgcgc atgcaactta atttgcgtga 6660 
tgcacttgag acaaatgact gtaattccac aaacaacact cctagtgatg aagccgcagt 6720 
gtccgctctt gttttcaaac aggagttgcg gcgtacaaac caattgcttg aggcaatttc 6780 
agctggcgtt gacaccacca aactgccagc cccctccatc gaagaggtag tggtaagaaa 684 0 
gcgccagttc cgggcaagaa ctggttcgct taccttgcct ccccctccga gatccgtccc 6900 
aggagtgtca tgtcctgaaa gcctgcaacg aagtgacccg ttagaaggtc cttcaaacct 6960 
ccctccttca ccacctgttc tacagttggc catgccgatg cccctgttgg gagcgggtga 7020 
gtgtaaccct ttcactgcaa ttggatgtgc aatgaccgaa acaggcggag gccctgatga 7080 
tttacccagt taccctccca aaaaggaggt ctctgaatgg tcagacgaaa gttggtcgac 714 0 " 
ggctacaacc gcttccagct acgttactgg ccccccgtac cctaagatac ggggaaagga 7200 
ttccactcag tcagcccccg ccaaacggcc tacaaaaaag aagttgggaa agagtgagtt 7260 
ttcgtgcagc atgagctaca cctggaccga cgtgattagc ttcaaaactg cttctaaagt 7320 
tctgtctgca actcgggcca tcactagtgg tttcctcaaa caaagatcat tggtgtatgt 7380 
gactgagccg cgggatgcgg agcttagaaa acaaaaagtc actattaata gacaacctct 744 0 
gttcccccca tcataccaca agcaagtgag attggctaag gaaaaagctt caaaagttgt 750 0 
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cggtgtcatg tgggactatg atgaagtagc agctcacacg ccctctaagt ctgctaagtc 7560 

ccacatcact ggccttcggg gcactgatgt tcgttctgga gcagcccgca aggctgttct 762 0 

ggacttgcag aagtgtgtcg aggcaggtga gataccgagt cattatcggc aaactgtgat 7680 

agttccaaag gaggaggtct tcgtgaagac cccccagaaa ccaacaaaga aacccccaag 7740 

gcttatctcg tacccccacc ttgaaatgag atgtgttgag aagatgtact acggtcaggt 7800 

tgctcctgac gtagttaaag ctgtcatggg agatgcgtac gggtttgtag atccacgtac 7860 

ccgtgtcaag cgtctgttgt cgatgtggtc acccgatgca gtcggagcca catgcgatac 7920 

agtgtgtttt gacagtacca tcacacccga ggatatcatg gtggagacag acatctactc 7980 

agcagctaaa ctcagtgacc aacaccgagc tggcattcac accattgcga ggcagttata 8040 

cgctggagga ccgatgatcg cttatgatgg ccgagagatc ggatatcgta ggtgtaggtc 8100 

ttccggcgtc tatactacct caagttccaa cagtttgacc tgctggctga aggtaaatgc 8160 

tgcagccgaa caggctggca tgaagaaccc tcgcttcctt atttgcggcg atgattgcac 8220 

cgtaatttgg aagagcgccg gagcagatgc agacaaacaa gcaatgcgtg tctttgctag 8280 

ctggatgaag gtgatgggtg caccacaaga ttgtgtgcct caacccaaat acagtttgga 834 0 

agaattaaca tcatgctcat caaatgttac ctctggaatt accaaaagtg gcaagcctta 8400 

ctactttctt acaagagatc ctcgtatccc ccttggcagg tgctctgccg agggtctggg 8460 

atacaacccc agtgctgcgt ggattgggta tctaatacat cactacccat gtttgtgggt 8520 

tagccgtgtg ttggctgtcc atttcatgga gcagatgctc tttgaggaca aacttcccga 8580 

gactgtgacc tttgactggt atgggaaaaa ttatacggtg cctgtagaag atctgcccag 8640 

catcattgct ggtgtgcacg gtattgaggc tttctcggtg gtgcgctaca ccaacgctga 8700 

gatcctcaga gtttcccaat cactaacaga catgaccatg ccccccctgc gagcctggcg 8760 

aaagaaagcc agggcggtcc tcgccagcgc caagaggcgt ggcggagcac acgcaaaatt 8820 

ggctcgcttc cttctctggc atgctacatc tagacctcta ccagatttgg ataagacgag 8880 

cgtggctcgg tacaccactt tcaattattg tgatgtttac tccccggagg gggatgtgtt 8940 

tattacacca cagagaagat tgcagaagtt ccttgtgaag tatttggctg tcattgtttt 9000 

tgccctaggg ctcattgctg ttggattagc catcagctga acccccaaat tcaaaattaa 9060 

ctaacagttt tttttttttt tttttttttt agggcagcgg caacagggga gaccccgggc 9120 

ttaacgaccc cgcgatgtg 9139 



<210> 4 
<211> 9711 
<212> DNA 

<213> Hepatitis C virus 
<400> 4 

acccgcccct aataggggcg acactccgcc 
cttcacgcag aaagcgtcta gccatggcgt 
ccccctcccg ggagagccat agtggtctgc 
aagactgggt cctttcttgg ataaacccac 
caagactgct agccgagtag cgttgggttg 
tgcttgcgag tgccccggga ggtctcgtag 
tcaaagaaaa accaaaagaa acaccaaccg 
cggccagatc gttggcggag tatacttgtt 
cgcgacaagg aagacttcgg agcggtccca 
agatcggcgc tccactggca aatcctgggg 
gaatgaggga ctcggctggg caggatggct 
gggccccaat gacccccggc ata^gtcgcg 



atgaatcact cccctgtgag gaactactgt 60 
tagtatgagt gtcgtacagc ctccaggccc 120 
ggaaccggtg agtacaccgg aattgccggg 180 
tctatgcccg gccatttggg cgtgcccccg 240 
cgaaaggcct tgtggtactg cctgataggg 300 
accgtgcacc atgagcacaa atcctaaacc 360 
tcgcccacaa gacgttaagt ttccgggcgg 42 0 
gccgcgcagg ggccccaggt tgggtgtgcg 480 
gccacgtgga aggcgccagc ccatccctaa 54 0 
aaaaccagga tacccctggc ccctatacgg 600 
cctgtccccc cgaggttccc gtccctcttg 660 
caacgtgggt aaggtcatcg ataccctaac 720 
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gtgcggcttt gccgacctca tggggtacat ccctgtcgtg ggcgccccgc tcggcggcgt 780 
cgccagagct ctcgcgcatg gcgtgagagt cctggaggac ggggttaatt ttgcaacagg 84 0 
gaacttaccc ggttgctcct tttctatctt cttgctggcc ctgctgtcct gcatcaccac 900 
cccggtctcc gctgccgaag tgaagaacat cagtaccggc tacatggtga ctaacgactg 960 
caccaatgac agcattacct ggcagctcca ggctgctgtc ctccacgtcc ccgggtgcgt 1020 
cccgtgcgag aaagtgggga atgcatctca gtgctggata ccggtctcac cgaatgtggc 1080 
cgtgcagcgg cccggcgccc tcacgcaggg cttgcggacg cacatcgaca tggttgtgat 114 0 
gtccgccacg ctctgctctg ccctctacgt gggggacctc tgcggtgggg tgatgctcgc 1200 
agcccaaatg ttcattgtct cgccgcagca ccactggttt gtccaagact gcaattgctc 1260 
catctaccct ggtaccatca ctggacaccg catggcatgg gacatgatga tgaactggtc 1320 
gcccacggct accatgatct tggcgtacgc gatgcgtgtc cccgaggtca ttatagacat 1380 
cattagcggg gctcattggg gcgtcatgtt cggcttggcc tacttctcta tgcagggagc 144 0 
gtgggcgaaa gtcgttgtca tccttctgtt ggccgccggg gtggacgcgc gcacccatac 1500 
tgttgggggt tctgccgcgc agaccaccgg gcgcctcacc agcttatttg acatgggccc 1560 
caggcagaaa atccagctcg ttaacaccaa tggcagctgg cacatcaacc gcaccgccct 162 0 
gaactgcaat gactccttgc acaccggctt tatcgcgtct ctgttctaca cccacagctt 1680 
caactcgtca ggatgtcccg aacgcatgtc cgcctgccgc agtatcgagg ccttccgggt 174 0 
gggatggggc gccttgcaat atgaggataa tgtcaccaat ccagaggata tgagacccta 1800 
ttgctggcac tacccaccaa ggcagtgtgg cgtggtctcc gcgaagactg tgtgtggccc 186 0 
agtgtactgt ttcaccccca gcccagtggt agtgggcacg accgacaggc ttggagcgcc 1920 
cacttacacg tggggggaga atgagacaga" tgtcttccta ttgaacagca ctcgaccacc 1980 
gctggggtca tggttcggct gcacgtggat gaactcttct ggctacacca agacttgcgg 204 0 
cgcaccaccc tgccgtacta gagctgactt caacgccagc acggacctgt tgtgccccac 2100 
ggactgtttt aggaagcatc ctgataccac ttacctcaaa tgcggctctg ggccctggct 2160 
cacgccaagg tgcctgatcg actaccccta caggctctgg cattacccct gcacagttaa 2220 
ctataccatc ttcaaaataa ggatgtatgt gggaggggtt gagcacaggc tcacggctgc 2280 
atgcaatttc actcgtgggg atcgttgcaa cttggaggac agagacagaa gtcaactgtc 234 0 
tcctttgttg cactccacca cggaatgggc cattttacct tgctcttact cggacctgcc 2400 
cgccttgtcg actggtcttc tccacctcca ccaaaacatc gtggacgtac aattcatgta 2460 
tggcctatca cctgccctca caaaatacat cgtccgatgg gagtgggtaa tactcttatt 2520 
cctgctctta gcggacgcca gggtttgcgc ctgcttatgg atgctcatct tgttgggcca 2580 
ggccgaagca gcactagaga agctggtcat cttgcacgct gcgagcgcag ctagctgcaa 2640 
tggcttccta tattttgtca tctttttcgt ggctgcttgg tacatcaagg gtcgggtagt 2700 
ccccttagct acctattccc tcactggcct gtggtccttt agcctactgc tcctagcatt 2760 
gccccaacag gcttatgctt atgacgcatc tgtgcatggc c 4 r\gataggag cggctctgct 2820 
ggtaatgatc actctcttta ctctcacccc cgggtataag acccttctca gccggttttt 2880 
gtggtggttg tgctatcttc tgaccctggg ggaagctatg gtccaggagt gggcaccacc 294 0 
tatgcaggtg cgcggtggcc gtgatggcat catatgggcc gtcgccatat tctacccagg 3000 
tgtggtgttt gacataacca agtggctctt ggcggtgctt gggcctgctt acctcctaaa 3060 
aggtgctttg acgcgcgtgc cgtacttcgt cagggctcac gctctactga ggatgtgcac 3120 
catggcaagg catctcgcgg ggggcaggta cgtccagatg gcgctactag cccttggcag 3180 
gtggactggc acttacatct atgaccacct cacccctatg tcggattggg ctgctagtgg 3240 
cctgcgggac ctggcggtcg ccgttgagcc tatcatcttc agtccgatgg agaagaaagt 3300 
cattgtctgg ggagcggaga cagctgcttg tggggacatt ttacacggac ttcccgtgtc 3360 
cgcccgactt ggtcgggagg tcctccttgg cccagctgat ggctatacct ccaaggggtg 342 0 
gagtcttctc gcccccatca ctgcttacgc ccagcagaca cgtggccttt tgggcaccat 34 80 
agtggtgagc atgacggggc gcgacaagac agaacaggct ggggaaattc aggtcctgtc 3540 
cacagtcact cagtccttcc tcggaacatc catctcgggg gttttgtgga ctgtctacca 3600 
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tggagctggc aacaagactc tggccggctc acggggtccg gtcacgcaga tgtactccag 3 660 

tgctgagggg gacttagtag ggtggcccag cccccctggg actaaatctt tggagccgtg 3720 

cacgtgtgga gcggtcgacc tgtacctggt cacgcggaac gctgatgtca tcccggctcg 3780 

aagacgcggg gacaaacggg gagcgctact ctccccgaga cctctttcca ccttgaaggg 384 0 

gtcctcagga ggcccggtgc tatgccccag gggccacgct gtcggagtct tccgggcagc 3900 

tgtgtgctct cggggcgtgg ctaagtccat agatttcatc cccgttgaga cactcgacat 3960 

cgtcacgcgg tcccccacct ttagtgacaa cagcacacca cctgctgtgc cccagaccta 4 020 

tcaggtcggg tacttgcatg ccccgactgg cagtggaaag agcaccaaag ttcctgtcgc 4080 

atatgctgct caggggtata aagtgctagt gcttaatccc tcagtggctg ccaccctggg 414 0 

gtttggggcg tacttgtcta aggcacatgg catcaatccc aacattagga ctggagtcag 4 2 00 

gactgtgacg accggggcgc ccatcacgta ctccacatat ggcaaattcc tcgccgatgg 4260 

gggctgtgcg ggcggcgcct acgacatcat catatgtgat gaatgccatg ccgtggactc 4320 

taccaccatc cttggcatcg gaacagtcct tgatcaagca gagacagctg gggtcagact 4 3 80 

aactgtgctg gctacagcta cgccccctgg gtcagtgaca accccccacc ccaacataga 4440 

ggaggtggcc cttgggcagg agggcgagat ccccttctat gggagggcga ttcccctgtc 4 500 

ttacatcaag ggaggaagac atctgatctt ctgccattca aagaaaaagt gtgacgagct 4560 

cgcggcggcc cttcggggta tgggcttgaa ctcagtggca tactacagag ggttggacgt 4 620 

ctccgtaata ccaactcagg gagacgtagt ggtcgtcgcc accgacgccc tcatgacagg 46 80 

gtatactggg gactttgact ccgtgatcga ctgcaacgta gcggtcactc aagttgtaga 4740 

cttcagttta gaccccacat tcaccataac cacacagatt gtccctcaag acgctgtctc 4800 

acgtagccag cgccggggtc gcacgggtag gggaagactg ggcatttata ggtatgtttc 4860 

cactggtgag cgagcctcag gaatgtttga cagtgtagtg ctctgtgagt gctacgacgc 4920 

aggggccgca tggtatgagc tcacaccatc ggagaccacc gtcaggctca gggcgtattt 4 980 

caacacgccc ggtttgcctg tgtgccaaga ccatcttgag ttttgggagg . cagttttcac 5040 

cggcctcaca cacatagatg cccacttcct ttcccaaaca aagcaatcgg gggaaaattt 5100 

cgcatactta acagcctacc aggctacagt gtgcgctagg gccaaagccc cccccccgtc 5160 

ct 9gg ac gtc atgtggaagt gtttgactcg actcaagccc acactcgtgg gccccacacc 5220 

tctcctgtac cgcttgggct ctgttaccaa cgaggtcacc ctcacacatc ccgtgacgaa 5280 

atacatcgcc acctgcatgc aagccgacct tgaggtcatg accagcacat gggtcttggc 5340 

agggggagtc ttggcggccg tcgccgcgta ttgcctggcg accgggtgtg tttgcatcat 5400 

cggccgcttg cacattaacc agcgagccgt cgttgcgccg gacaaggagg tcctctatga 5460 

ggcttttgat gagatggagg aatgtgcctc tagggcggct ctcattgaag aggggcagcg 5520 

gatagccgag atgctgaagt ccaagatcca aggcttattg cagcaagctt ccaaacaagc 5580 

tcaagacata caacccactg tgcaggcttc atggcccaag gtagaacaat tctgggccaa 5640 

acacatgtgg aacttcatta gcggcatcca atacctcgca ggactatcaa cactgccagg 5700 

gaaccctgca gtagcttcca tgatggcgtt cagtgccgcc ctcaccagtc cgctgtcaac 5760 

aagcaccact atccttctca acattttggg gggctggcta gcatcccaaa ttgcaccacc 5820 

cgcgggggcc actggcttcg ttgtcagtgg cctagtggga gctgccgtag gcagtatagg 5880 

cttaggtaag gtgctagtgg acatcctggc agggtatggt gcgggcattt cgggggctct 594 0 

cgtcgcattc aagatcatgt ctggcgagaa gccctccatg gaggatgtcg tcaacttgct 6000 

gcctggaatt ctgtctccgg gtgccttggt agtgggagtc atctgcgcgg ccattctgcg 6060 

ccgacacgtg ggaccggggg aaggcgccgt ccaatggatg aatagactca ttgcctttgc 6120 

ttccagagga aatcacgtcg cccccaccca ctacgtgacg gagtcggatg cgtcgcagcg 6180 

tgtgacccaa ctacttggct cccttaccat aaccagcctg ctcagaagac tccacaactg 6240 

gattactgag gactgcccca tcccatgcgg cggctcgtgg ctccgcgatg tgtgggactg 6300 

ggtttgcacc atcctaacag actttaaaaa ttggctgacc tccaaattat tcccaaagat 6360 

gcccggcctc ccctttgtct cctgtcaaaa ggggtacaag ggcgtgtggg ccggcactgg 642 0 

catcatgacc acacggtgtc cttgcggcgc caatatctct ggcaatgtcc gcttgggctc 64 80 
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catgagaatc acggggccta agacctgcat 
ttgttacacg gagggccagt gcgtgccgaa 
gagggtggcg gcctcagagt acgcggaggt 
aggactcacc actgataact tgaaagtccc 
ctgggtggac ggagtgcaga tccataggtt 
tgaggtctcg ttctgcgttg ggcttaattc 
ccctgaaccc gacacagacg tattgatgtc 
ggagactgca gcgcggcgtt tagcgcgggg 
gagccagcta tcggcaccat cgctgcgagc 
tgtggacatg gtggatgcta acctgttcat 
gtccaaagtg gtcgttctgg actctctcga 
gccttcgata ccatcagaat acatgctccc 
ctgggcacgg cctgattaca acccaccgct 
accggccact gttgcgggct gtgctctccc 
aaggaggcgc cggacagtgg gcctaagtga 
ggccattaag tcctttggcc agcccccccc 
gggcgctgcc gattccggca gtcagacgcc 
ttccatctct tccatgcccc ccctcgaggg 
gcaggtagag ccccaacccc ccccccaggg 
gtcctggtct acttgctccg aggaggacga 
ctggaccggg gctctaataa ctccttgtag 
cttgagcaac tccctgttgc gatatcacaa 
ctcactaagg gctaaaaagg taacttttga 
ctcagtctta aaggacatta agctagcggc 
ggaggaggct tgccagttaa ccccacccca 
taaggaggtc cgcagcttgt ccgggagggc 
cctcctggag gactcagaaa caccaattcc 
ctgcgtggac cccaccaagg ggggcaagaa 
cggcgtcagg gtctgcgaga agafcggccct 
ggtgatgggg gcttcttatg gattccagta 
gaaagcatgg gcggaaaaga aggaccctat 
ctcaaccgtc actgagagag acatcaggac 
gcccgaggag gcccacactg ccatacactc 
tatgttcaac agcaagggcc aaacctgcgg 
caccactagc atggggaaca ccatcacatg 
tgcagggata atcgcgccca caatgctggt 
aagccagggg accgaggagg acgagcggaa 
gtattctgcc cctcctggtg acccccccag 
ttgctcctca aatgtgtctg tggcgctggg 
cagagaccct accactccaa tcgcccgggc 
caattcatgg ctgggaaaca tcatccagta 
gatgacacac ttcttctcca ttctcatggc 
tgagatgtac ggagcggtgt actccgtgag 
gttacatggg cttgacgctt tttctctgca 
ggcttcagcc ctcagaaaac ttggggcgcc 
tgcagtcagg gcgtccctca tctcccgtgg 
cttcaattgg gcggtgaaga ccaagctcaa 
ggatttatcc agctggttca ccgtcggcgc 



gaatatctgg caggggacct ttcctatcaa 6540 
acccgcgcca aactttaagg tcgccatctg 6600 
gacgcagcac gggtcatacc actacataac 6660 
ctgccaacta ccctctcccg agttcttttc 6720 
tgcccccaca ccgaagccgt ttttccggga 6780 
atttgtcgtc gggtcccagc ttccttgcga 684 0 
catgctaaca gatccatctc atatcacggc 6900 
gtcaccccca tccgaggcaa gctcctcggc 6960 
cacctgcacc acccacggca aagcctatga 7020 
99ggg9C9at gtgactcgga tagagtctgg 7080 
cccaatggtc gaagaaagga gcgaccttga 714 0 
caagaagagg ttcccaccag ctttaccggc 72 00 
tgtggaatcg tggaaaaggc cagattacca 7260 
tcctcctagg aaaaccccga cgcctccccc 7320 
ggactccata ggagatgccc ttcaacagct 73 80 
aagcggcgat tcaggccttt ccacgggggc 7440 
tcctgatgag ttggcccttt cggagacagg 7500 
ggagcttgga gatccagacc tggagcctga 7560 
gggggtggca gctcccggct cggactcggg 7620 
ctccgtcgtg tgctgctcca tgtcatactc 7680 
tcccgaagag gagaagttac cgattaaccc 7740 
caaggtgtac tgtaccacaa caaagagcgc 7800 
taggatgcaa gtgctcgact cctactacga 7860 
ctccaaggtc accgcaaggc tcctcaccat 7920 
ttctgcaaga tctaaatatg ggtttggggc 7980 
cgttaaccac atcaagtccg tgtggaagga 8040 
cacaaccatt atggccaaaa atgaggtgtt 8100 
agcagctcgc cttatcgttt accctgacct 8160 
ttatgacatt acacaaaaac ttcctcaggc 8220 
ttcccccgct cagcgggtag agtttctctt 8280 
gggtttttcg tatgataccc gatgctttga 8340 
tgaggagtcc atatatcggg cctgctcctt 84 00 
gctaactgag agactttacg tgggagggcc 84 60 
gtacaggcgt tgccgcgcca gcggggtgct 8520 
ctacgtgaaa gccttagcgg cttgtaaagc 8580 
atgcggcgat gacttggttg tcatctcaga 8640 
cctgagagcc ttcacggagg ctatgaccag 87 00 
accggagtat gatctggagc tgataacatc 87 60 
cccacaaggc cgccgcagat actacctgac 8820 
tgcctgggaa acagttagac actcccctgt 8880 
cgccccgacc atatgggctc gcatggtcct 8940 
tcaagacacg ctggaccaga acctcaactt 9000 
tcccttggac ctcccagcta taattgaaag 9060 
cacatacact ccccacgaac tgacacgggt 9120 
acccctcaga gcgtggaaga gccgggcacg 9180 
ggggagagcg gccgtttgcg gtcgatatct 924 0 
actcactcca ttgccggaag cgcgcctcct 9300 
cggcgggggc gacatttatc acagcgtgtc 93 60 
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gcgtgcccga ccccgcttat tgctctttgg 
tttcctactc cccgctcggt agagcggcac 
cttttttttt tttttttttt tttttttttt 
tttttttttt tttttttttt tttttctttt 
tactttcttt cctggtggct ccatcttagc 
gagccgcatg actgcagaga gtgccgtaac 



cctactccta ctttttgtag gggtaggcct 9420 
acattagcta cactccatag ctaactgtcc 9480 
tttttttttt tttttttttt tttttttttt 9540 
tttctctttt ccttctttct taccttattt 9600 
cctagtcacg gctagctgtg aaaggtccgt 9660 
tggtctctct gcagatcatg t 9711 



<210> 5 
<211> 3033 
<212> PRT 

<213> Hepatitis C virus 
<400> 5 

Met Ser Thr Asn Pro Lys Pro Gin Arg Lys Thr Lys Arg Asn Thr Asn 
15 10 15 

Arg Arg Pro Gin Asp Val Lys Phe Pro Gly Gly Gly Gin lie Val Gly 
20 25 30 

Gly Val Tyr Leu Leu Pro Arg Arg Gly Pro Arg Leu Gly Val Arg Ala 
35 40 45 

Thr Arg Lys Thr Ser Glu Arg Ser Gin Pro Arg Gly Arg Arg Gin Pro 
50 55 60 

lie Pro Lys Asp Arg Arg Ser Thr Gly Lys Ser Trp Gly Lys Pro Gly 
65 70 75 80 

Tyr Pro Trp Pro Leu Tyr Gly Asn Glu Gly Leu Gly Trp Ala Gly Trp 
85 90 95 

Leu Leu Ser Pro Arg Gly Ser Arg Pro Ser Trp Gly Pro Asn Asp Pro 
100 105 110 

Arg His Arg Ser Arg Asn Val Gly Lys Val lie Asp Thr Leu Thr Cys 
115 120 125 

Gly Phe Ala Asp Leu Met Gly Tyr lie Pro Val Val Gly Ala Pro Leu 
130 135 140 

Gly Gly Val Ala Arg Ala Leu Ala His Gly Val Arg Val Leu Glu Asp 
145 150 155 160 

Gly Val Asn Phe Ala Thr Gly Asn Leu Pro Gly Cys Ser Phe Ser lie 
165 170 175 

Phe Leu Leu Ala Leu Leu Ser Cys lie Thr Thr Pro Val Ser Ala Ala 
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Glu Val Lys Asn lie Ser Thr Gly Tyr Met Val Thr Asn Asp Cys Thr 
195 200 205 

Asn Asp Ser lie Thr Trp Gin Leu Gin Ala Ala Val Leu His Val Pro 
210 215 220 

Gly Cys Val Pro Cys Glu Lys Val Gly Asn Ala Ser Gin Cys Trp lie 
225 230 235 240 

Pro Val Ser Pro Asn Val Ala Val Gin Arg Pro Gly Ala Leu Thr Gin 
245 250 255 

Gly Leu Arg Thr His lie Asp Met Val Val Met Ser Ala Thr Leu Cys 
260 265 270 

Ser Ala Leu Tyr Val Gly Asp Leu Cys Gly Gly Val Met Leu Ala Ala 
275 280 285 

Gin Met Phe He Val Ser Pro Gin His His Trp Phe Val Gin Asp Cys 
290 295 300 

Asn Cys Ser He Tyr Pro Gly Thr He Thr Gly His Arg Met Ala Trp 
305 310 315 320 

Asp Met Met Met Asn Trp Ser Pro Thr Ala Thr Met He Leu Ala Tyr 
325 330 335 

Ala Met Arg Val Pro Glu Val He He Asp He He Ser Gly Ala His 
340 345 350 

Trp Gly Val Met Phe Gly Leu Ala Tyr Phe Ser Met Gin Gly Ala Trp 
355 360 365 

Ala Lys Val Val Val He Leu Leu Leu Ala Ala Gly Val Asp Ala Arg 
370 375 380 

Thr His Thr Val Gly Gly Ser Ala Ala Gin Thr Thr Gly Arg Leu Thr 
385 390 395 400 

Ser Leu Phe Asp Met Gly Pro Arg Gin Lys He Gin Leu Val Asn Thr 
405 410 415 

Asn Gly Ser Trp His He Asn Arg Thr Ala Leu Asn Cys Asn Asp Ser 
420 425 430 

Leu His Thr Gly Phe He Ala Ser Leu Phe Tyr Thr His Ser Phe Asn 
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Ser Ser Gly Cys Pro Glu Arg Met Ser Ala Cys Arg Ser lie Glu Ala 
450 455 460 

Phe Arg Val Gly Trp Gly Ala Leu Gin Tyr Glu Asp Asn Val Thr Asn 
465 470 475 480 

Pro Glu Asp Met Arg Pro Tyr Cys Trp His Tyr Pro Pro Arg Gin Cys 
485 490 495 

Gly Val Val Ser Ala Lys Thr Val Cys Gly Pro Val Tyr Cys Phe Thr 
500 505 510 

Pro Ser Pro Val Val Val Gly Thr Thr Asp Arg Leu Gly Ala Pro Thr 
515 520 525 

Tyr Thr Trp Gly Glu Asn Glu Thr Asp Val Phe Leu Leu Asn Ser Thr 
530 535 540 

Arg Pro Pro Leu Gly Ser Trp Phe Gly Cys Thr Trp Met Asn Ser Ser 
545 550 555 560 

Gly Tyr Thr Lys Thr Cys Gly Ala Pro Pro Cys Arg Thr Arg Ala Asp 
565 570 575 

Phe Asn Ala -'Ser Thr Asp Leu Leu Cys Pro Thr Asp Cys Phe Arg Lys 
580 585 590 

His Pro Asp Thr Thr Tyr Leu Lys Cys Gly Ser Gly Pro Trp Leu Thr 
595 600 605 

Pro Arg Cys Leu lie Asp Tyr Pro Tyr Arg Leu Trp His Tyr Pro Cys 
610 615 620 

Thr Val Asn Tyr Thr lie Phe Lys lie Arg Met Tyr Val Gly Gly Val 
625 630 635 640 

Glu His Arg Leu Thr Ala Ala Cys Asn Phe Thr Arg Gly Asp Arg Cys 
645 650 655 

Asn Leu Glu Asp Arg Asp Arg Ser Gin Leu Ser Pro Leu Leu His Ser 
660 665 670 

Thr Thr Glu Trp Ala lie Leu Pro Cys Ser Tyr Ser Asp Leu Pro Ala 
675 680 685 

Leu Ser Thr Gly Leu Leu His Leu His Gin Asn lie Val Asp Val Gin 
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Phe Met Tyr Gly Leu Ser Pro Ala Leu Thr Lys Tyr lie Val Arg Trp 
705 710 715 720 

Glu Trp Val lie Leu Leu Phe Leu Leu Leu Ala Asp Ala Arg Val Cys 
725 730 735 

Ala Cys Leu Trp Met Leu lie Leu Leu Gly Gin Ala Glu Ala Ala Leu 
740 745 750 

Glu Lys Leu Val lie Leu His Ala Ala Ser Ala Ala Ser Cys Asn Gly 
755 760 765 

Phe Leu Tyr Phe Val He Phe Phe Val Ala Ala Trp Tyr He Lys Gly 
770 775 780 

Arg Val Val Pro Leu Ala Thr Tyr Ser Leu Thr Gly Leu Trp Ser Phe 
785 790 795 800 

Ser Leu Leu Leu Leu Ala Leu Pro Gin Gin Ala Tyr Ala Tyr Asp Ala 
805 810 815 

Ser Val His Gly Gin He Gly Ala Ala Leu Leu Val Met He Thr Leu 
820 825 830 

Phe Thr Leu Thr Pro Gly Tyr Lys Thr Leu Leu Ser Arg Phe Leu Trp 
835 840 845 

Trp Leu Cys Tyr Leu Leu Thr Leu Gly Glu Ala Met Val Gin Glu Trp 
850 855 860 

Ala Pro Pro Met Gin Val Arg Gly Gly Arg Asp Gly He He Trp Ala 
865 870 875 880 

Val Ala He Phe Tyr Pro Gly Val Val Phe Asp lie Thr Lys Trp Leu 
885 890 895 

Leu Ala Val Leu Gly Pro Ala Tyr Leu Leu Lys Gly Ala Leu Thr Arg 
900 905 910 

Val Pro Tyr Phe Val Arg Ala His Ala Leu Leu Arg Met Cys Thr Met 
915 920 925 

Ala Arg His Leu Ala Gly Gly Arg Tyr Val Gin Met Ala Leu Leu Ala 
930 935 940 

Leu Gly Arg Trp Thr Gly Thr Tyr He Tyr Asp His Leu Thr Pro Met 



26 



WO 00/75337 



PCT/US00/15293 



945 950 955 960 

Ser Asp Trp Ala Ala Ser Gly Leu Arg Asp Leu Ala Val Ala Val Glu 
965 970 975 

Pro lie lie Phe Ser Pro Met Glu Lys Lys Val lie Val Trp Gly Ala 
980 985 990 

Glu Thr Ala Ala Cys Gly Asp lie Leu His Gly Leu Pro Val Ser Ala 
995 1000 1005 

Arg Leu Gly Arg Glu Val Leu Leu Gly Pro Ala Asp Gly Tyr Thr Ser 
1010 1015 1020 

Lys Gly Trp Ser Leu Leu Ala Pro lie Thr Ala Tyr Ala Gin Gin Thr 
1025 1030 1035 1040 

Arg Gly Leu Leu Gly Thr lie Val Val Ser Met Thr Gly Arg Asp Lys 
1045 1050 1055 

Thr Glu Gin Ala Gly Glu lie Gin Val Leu Ser Thr Val Thr Gin Ser 
1060 1065 1070 

Phe Leu Gly Thr Ser lie Ser Gly Val Leu Trp Thr Val Tyr His Gly 
1075 1080 1085 

Ala Gly Asn Lys Thr Leu Ala Gly Ser Arg Gly Pro Val Thr Gin Met 
1090 1095 1100 

Tyr Ser Ser Ala Glu Gly Asp Leu Val Gly Trp Pro Ser Pro Pro Gly 
1105 1110 1115 1120 

Thr Lys Ser Leu Glu Pro Cys Thr Cys Gly Ala Val Asp Leu Tyr Leu 
1125 1130 1135 

Val Thr Arg Asn Ala Asp Val lie Pro Ala Arg Arg Arg Gly Asp Lys 
1140 1145 1150 

Arg Gly Ala Leu Leu Ser Pro Arg Pro Leu Ser Thr Leu Lys Gly Ser 
1155 1160 1165 

Ser Gly Gly Pro Val Leu Cys Pro Arg Gly His Ala Val Gly Val Phe 
1170 1175 1180 

Arg Ala Ala Val Cys Ser Arg Gly Val Ala Lys Ser lie Asp Phe lie 
1185 1190 1195 1200 

Pro Val Glu Thr Leu Asp lie Val Thr Arg Ser Pro Thr Phe Ser Asp 
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1205 1210 1215 

Asn Ser Thr Pro Pro Ala Val Pro Gin Thr Tyr Gin Val Gly Tyr Leu 
1220 1225 1230 

His Ala Pro Thr Gly Ser Gly Lys Ser Thr Lys Val Pro Val Ala Tyr 
1235 1240 1245 

Ala Ala Gin Gly Tyr Lys Val Leu Val Leu Asn Pro Ser Val Ala Ala 
1250 1255 1260 

Thr Leu Gly Phe Gly Ala Tyr Leu Ser Lys Ala His Gly lie Asn Pro 
1265 1270 1275 1280 

Asn lie Arg Thr Gly Val Arg Thr Val Thr Thr Gly Ala Pro lie Thr 
1285 1290 1295 

Tyr Ser Thr Tyr Gly Lys Phe Leu Ala Asp Gly Gly Cys Ala Gly Gly 
1300 1305 1310 

Ala Tyr Asp lie lie lie Cys Asp Glu Cys His Ala Val Asp Ser Thr 
1315 1320 1325 

Thr lie Leu Gly He Gly Thr Val Leu Asp Gin Ala Glu Thr Ala Gly 
1330 1335 1340 

Val Arg Leu Thr Val Leu Ala Thr Ala Thr Pro Pro Gly Ser Val Thr 
1345 1350 1355 1360 

Thr Pro His Pro Asn He Glu Glu Val Ala Leu Gly Gin Glu Gly Glu 
1365 1370 1375 

He Pro Phe Tyr Gly Arg Ala He Pro Leu Ser Tyr He Lys Gly Gly 
1380 1385 1390 

Arg His Leu He Phe Cys His Ser Lys Lys Lys Cys Asp Glu Leu Ala 
1395 1400 1405 

Ala Ala Leu Arg Gly Met Gly Leu Asn Ser Val Ala Tyr Tyr Arg Gly 
1410 1415 1420 

Leu Asp Val Ser Val He Pro Thr Gin Gly Asp Val Val Val Val Ala 
1425 1430 1435 1440 

Thr Asp Ala Leu Met Thr Gly Tyr Thr Gly Asp Phe Asp Ser Val He 
1445 1450 1455 

Asp Cys Asn Val Ala Val Thr Gin Val Val Asp Phe Ser Leu Asp Pro 
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Thr Phe Thr lie Thr Thr Gin lie Val Pro Gin Asp Ala Val Ser Arg 
1475 1480 1485 

Ser Gin Arg Arg Gly Arg Thr Gly Arg Gly Arg Leu Gly lie Tyr Arg 
1490 1495 1500 

Tyr Val Ser Thr Gly Glu Arg Ala Ser Gly Met Phe Asp Ser Val Val 
1505 1510 1515 1520 

Leu Cys Glu Cys Tyr Asp Ala Gly Ala Ala Trp Tyr Glu Leu Thr Pro 
1525 1530 1535 

Ser Glu Thr Thr Val Arg Leu Arg Ala Tyr Phe Asn Thr Pro Gly Leu 
1540 1545 1550 

Pro Val Cys Gin Asp His Leu Glu Phe Trp Glu Ala Val Phe Thr Gly 
1555 1560 1565 

Leu Thr His lie Asp Ala His Phe Leu Ser Gin Thr Lys Gin Ser Gly 
1570 1575 1580 

Glu Asn Phe Ala Tyr Leu Thr Ala Tyr Gin Ala Thr Val Cys Ala Arg 
1585 1590 1595 1600 

Ala Lys Ala Pro Pro Pro Ser Trp Asp Val Met Trp Lys Cys Leu Thr 
1605 1610 1615 

Arg Leu Lys Pro Thr Leu Val Gly Pro Thr Pro Leu Leu Tyr Arg Leu 
1620 1625 1630 

Gly Ser Val Thr Asn Glu Val Thr Leu Thr His Pro Val Thr Lys Tyr 
1635 1640 1645 

lie Ala Thr Cys Met Gin Ala Asp Leu Glu Val Met Thr Ser Thr Trp 
1650 1655 1660 

Val Leu Ala Gly Gly Val Leu Ala Ala Val Ala Ala Tyr Cys Leu Ala 
1665 1670 1675 1680 

Thr Gly Cys Val Cys lie lie Gly Arg Leu His lie Asn Gin Arg Ala 
1685 1690 1695 

Val Val Ala Pro Asp Lys Glu Val Leu Tyr Glu Ala Phe Asp Glu Met 
1700 1705 1710 

Glu Glu Cys Ala Ser Arg Ala Ala Leu lie Glu Glu Gly Gin Arg lie 
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1715 1720 1725 

Ala Glu Met Leu Lys Ser Lys lie Gin Gly Leu Leu Gin Gin Ala Ser 
1730 1735 1740 

Lys Gin Ala Gin Asp lie Gin Pro Thr Val Gin Ala Ser Trp Pro Lys 
1745 1750 1755 1760 

Val Glu Gin Phe Trp Ala Lys His Met Trp Asn Phe lie Ser Gly lie 
1765 1770 1775 

Gin Tyr Leu Ala Gly Leu Ser Thr Leu Pro Gly Asn Pro Ala Val Ala 
1780 1785 1790 

Ser Met Met Ala Phe Ser Ala Ala Leu Thr Ser Pro Leu Ser Thr Ser 
1795 1800 1805 

Thr Thr lie Leu Leu Asn lie Leu Gly Gly Trp Leu Ala Ser Gin lie 
1810 1815 1820 

Ala Pro Pro Ala Gly Ala Thr Gly Phe Val Val Ser Gly Leu Val Gly 
1825 1830 1835 1840 

Ala Ala Val Gly Ser lie Gly Leu Gly Lys Val Leu Val Asp lie Leu 
1845 1850 1855 

Ala Gly Tyr Gly Ala Gly lie Ser Gly Ala Leu Val Ala Phe Lys lie 
1860 1865 1870 

Met Ser Gly Glu Lys Pro Ser Met Glu Asp Val Val Asn Leu Leu Pro 
1875 1880 1885 

Gly lie Leu Ser Pro Gly Ala Leu Val Val Gly Val lie Cys Ala Ala 
1890 1895 1900 

lie Leu Arg Arg His Val Gly Pro Gly Glu Gly Ala Val Gin Trp Met 
1905 1910 1915 1920 

Asn Arg Leu lie Ala Phe Ala Ser Arg Gly Asn His Val Ala Pro Thr 
1925 1930 1935 

His Tyr Val Thr Glu Ser Asp Ala Ser Gin Arg Val Thr Gin Leu Leu 
1940 1945 1950 

Gly Ser Leu Thr lie Thr Ser Leu Leu Arg Arg Leu His Asn Trp lie 
1955 1960 1965 



Thr Glu Asp Cys Pro lie Pro Cys Gly Gly Ser Trp Leu Arg Asp Val 
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1980 



Trp Asp Trp Val Cys Thr lie Leu Thr Asp Phe Lys Asn Trp Leu Thr 
1985 1990 1995 2000 

Ser Lys Leu Phe Pro Lys Met Pro Gly Leu Pro Phe Val Ser Cys Gin 
2005 2010 2015 

Lys Gly Tyr Lys Gly Val Trp Ala Gly Thr Gly lie Met Thr Thr Arg 
2020 2025 2030 

Cys Pro Cys Gly Ala Asn lie Ser Gly Asn Val Arg Leu Gly Ser Met 
2035 2040 2045 

Arg lie Thr Gly Pro Lys Thr Cys Met Asn lie Trp Gin Gly Thr Phe 
2050 2055 2060 

Pro lie Asn Cys Tyr Thr Glu Gly Gin Cys Val Pro Lys Pro Ala Pro 
2065 2070 2075 2080 

Asn Phe Lys Val Ala lie Trp Arg Val Ala Ala Ser Glu Tyr Ala Glu 
2085 2090 2095 

Val Thr Gin His Gly Ser Tyr His Tyr lie Thr Gly Leu Thr Thr Asp 
2100 2105 2110 

Asn Leu Lys Val Pro Cys Gin Leu Pro Ser Pro Glu Phe Phe Ser Trp 
2115 2120 2125 

Val Asp Gly Val Gin lie His Arg Phe Ala Pro Thr Pro Lys Pro Phe 
2130 2135 2140 

Phe Arg Asp Glu Val Ser Phe Cys Val Gly Leu Asn Ser Phe Val Val 
2145 2150 2155 2160 

Gly Ser Gin Leu Pro Cys Asp Pro Glu Pro Asp Thr Asp Val Leu Met 
2165 2170 2175 

Ser Met Leu Thr Asp Pro Ser His lie Thr Ala Glu Thr Ala Ala Arg 
2180 2185 2190 

Arg Leu Ala Arg Gly Ser Pro Pro Ser Glu Ala Ser Ser Ser Ala Ser 
2195 2200 2205 

Gin Leu Ser Ala Pro Ser Leu Arg Ala Thr Cys Thr Thr His Gly Lys 
2210 2215 2220 

Ala Tyr Asp Val Asp Met Val Asp Ala Asn Leu Phe Met Gly Gly Asp 
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2240 



Val Thr Arg lie Glu Ser Gly Ser Lys Val Val Val Leu Asp Ser Leu 
2245 2250 2255 

Asp Pro Met Val Glu Glu Arg Ser Asp Leu Glu Pro Ser lie Pro Ser 
2260 2265 2270 

Glu Tyr Met Leu Pro Lys Lys Arg Phe Pro Pro Ala Leu Pro Ala Trp 
2275 2280 2285 

Ala Arg Pro Asp Tyr Asn Pro Pro Leu Val Glu Ser Trp Lys Arg Pro 
2290 2295 2300 

Asp Tyr Gin Pro Ala Thr Val Ala Gly Cys Ala Leu Pro Pro Pro Arg 
2305 2310 2315 2320 

Lys Thr Pro Thr Pro Pro Pro Arg Arg Arg Arg Thr Val Gly Leu Ser 
2325 2330 2335 

Glu Asp Ser lie Gly Asp Ala Leu Gin Gin Leu Ala lie Lys Ser Phe 
2340 2345 2350 

Gly Gin Pro Pro Pro Ser Gly Asp Ser Gly Leu Ser Thr Gly Ala Gly 
2355 2360 2365 

Ala Ala Asp Ser Gly Ser Gin Thr Pro Pro Asp Glu Leu Ala Leu Ser 
2370 2375 2380 

Glu Thr Gly Ser lie Ser Ser Met Pro Pro Leu Glu Gly Glu Leu Gly 
2385 2390 2395 2400 

Asp Pro Asp Leu Glu Pro Glu Gin Val Glu Pro Gin Pro Pro Pro Gin 
2405 2410 2415 

Gly Gly Val Ala Ala Pro Gly Ser Asp Ser Gly Ser Trp Ser Thr Cys 
2420 2425 2430 

Ser Glu Glu Asp Asp Ser Val Val Cys Cys Ser Met Ser Tyr Ser Trp 
2435 2440 2445 

Thr Gly Ala Leu lie Thr Pro Cys Ser Pro Glu Glu Glu Lys Leu Pro 
2450 " 2455 2460 

lie Asn Pro Leu Ser Asn Ser Leu Leu Arg Tyr His Asn Lys Val Tyr 
2465 2470 2475 2480 

Cys Thr Thr Thr Lys Ser Ala Ser Leu Arg Ala Lys Lys Val Thr Phe 
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2495 



Asp Arg Met Gin Val Leu Asp Ser Tyr Tyr Asp Ser Val Leu Lys Asp 
2500 2505 2510 

lie Lys Leu Ala Ala Ser Lys Val Thr Ala Arg Leu Leu Thr Met Glu 
2515 2520 2525 

Glu Ala Cys Gin Leu Thr Pro Pro His Ser Ala Arg Ser Lys Tyr Gly 
2530 2535 2540 

Phe Gly Ala Lys Glu Val Arg Ser Leu Ser Gly Arg Ala Val Asn His 
2545 2550 2555 2560 

lie Lys Ser Val Trp Lys Asp Leu Leu Glu Asp Ser Glu Thr Pro lie 
2565 2570 2575 

Pro Thr Thr lie Met Ala Lys Asn Glu Val Phe Cys Val Asp Pro Thr 
2580 2585 2590 

Lys Gly Gly Lys Lys Ala Ala Arg Leu lie Val Tyr Pro Asp Leu Gly 
2595 2600 2605 

Val Arg Val Cys Glu Lys Met Ala Leu Tyr Asp lie Thr Gin Lys Leu 
2610 2615 2620 

Pro Gin Ala Val Met Gly Ala Ser Tyr Gly Phe Gin Tyr Ser Pro Ala 
2625 2630 2635 2640 

Gin Arg Val Glu Phe Leu Leu Lys Ala Trp Ala Glu Lys Lys Asp Pro 
2645 2650 2655 

Met Gly Phe Ser Tyr Asp Thr Arg Cys Phe Asp Ser Thr Val Thr Glu 
2660 2665 2670 

Arg Asp He Arg Thr Glu Glu Ser He Tyr Arg Ala Cys Ser Leu Pro 
2675 2680 2685 

Glu Glu Ala His Thr Ala He His Ser Leu Thr Glu Arg Leu Tyr Val 
2690 2695 2700 

Gly Gly Pro Met Phe Asn Ser Lys Gly Gin Thr Cys Gly Tyr Arg Arg 
2705 2710 2715 2720 

Cys Arg Ala Ser Gly Val Leu Thr Thr Ser Met Gly Asn Thr He Thr 
2725 2730 2735 

Cys Tyr Val Lys Ala Leu Ala Ala Cys Lys Ala Ala Gly He He Ala 
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2740 2745 2750 

Pro Thr Met Leu Val Cys Gly Asp Asp Leu Val Val lie Ser Glu Ser 
2755 2760 2765 

Gin Gly Thr Glu Glu Asp Glu Arg Asn Leu Arg Ala Phe Thr Glu Ala 
2770 2775 2780 

Met Thr Arg Tyr Ser Ala Pro Pro Gly Asp Pro Pro Arg Pro Glu Tyr 
2785 2790 2795 2800 

Asp Leu Glu Leu lie Thr Ser Cys Ser Ser Asn Val Ser Val Ala Leu 
2805 2810 2815 

Gly Pro Gin Gly Arg Arg Arg Tyr Tyr Leu Thr Arg Asp Pro Thr Thr 
2820 2825 2830 

Pro lie Ala Arg Ala Ala Trp Glu Thr Val Arg His Ser Pro Val Asn 
2835 2840 2845 

Ser Trp Leu Gly Asn lie lie Gin Tyr Ala Pro Thr lie Trp Ala Arg 
2850 2855 2860 

Met Val Leu Met Thr His Phe Phe Ser lie Leu Met Ala Gin Asp Thr 
2865 2870 2875 2880 

Leu Asp Gin Asn Leu Asn Phe Glu Met Tyr Gly Ala Val Tyr Ser Val 
2885 2890 2895 

Ser Pro Leu Asp Leu Pro Ala lie lie Glu Arg Leu His Gly Leu Asp 
2900 2905 2910 

Ala Phe Ser Leu His Thr Tyr Thr Pro His Glu Leu Thr Arg Val Ala 
2915 2920 2925 

Ser Ala Leu Arg Lys Leu Gly Ala Pro Pro Leu Arg Ala Trp Lys Ser 
2930 2935 2940 

Arg Ala Arg Ala Val Arg Ala Ser Leu lie Ser Arg Gly Gly Arg Ala 
2945 2950 2955 2960 

Ala Val Cys Gly Arg Tyr Leu Phe Asn Trp Ala Val Lys Thr Lys Leu 
2965 2970 2975 

Lys Leu Thr Pro Leu Pro Glu Ala Arg Leu Leu Asp Leu Ser Ser Trp 
2980 2985 2990 

Phe Thr Val Gly Ala Gly Gly Gly Asp lie Tyr His Ser Val Ser Arg 
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2995 3000 3005 

Ala Arg Pro Arg Leu Leu Leu Phe Gly Leu Leu Leu Leu Phe Val Gly 
3010 3015 3020 

Val Gly Leu Phe Leu Leu Pro Ala Arg 
3025 3030 
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